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■ ■ ■ IN THE. ^'L^TTER Of Opposition 
thereto by Ludwig Instimie. for Cancer 
Research. 

'statutory DECLAR.ATI0N 

Z^. V.c.ona. ,.as»«a 40 so.™. ..==-y -^-= ^ _ 

INTRODUCTIO^f 

■jT /-^^^^^T? =c:^orrh r'Ludwia Institute") 
-v»H h V the T .Lidvvis Institute tor Cancer R.s.arcn ^ uuu ^ 

' :r r;rx.;n .-.^..^ .... o--- - 

. . , ^.^UeWaovel vascular endotheUal growth :acluc called. 

- a gene a.nd pro.e.n :or an alie .u a ^^^^^^^ 
-VascularEndocheUal Growth Factor 2 (V.Cr. ). 

htolcv closely, related to »y research and expertise. I '^^^^ 

. a named co-appUcan. Tor a differe.nt patent appUcatton .u.-te. ..03 

matter that may be related to "VEGhl." 

, , in February 2000 1 e.«cuted a tirst statutory aeclaranon to prov.de e.,d^=e ^ 
,n ,r of Ludwt. Lnstltute's opposu.cn. heretnafter reterred to as OPRl 
.uppon o. J ^ . ^.^ included a hnet 

I :«:::^:oredenuals and ar. .n.roduC.on .n w«ch 1 set fonh sonte 



co„ve„.,ona, «n...olos-. .ha. I .s=. ttooughoe. .h. declaxa.on. . shall con^nae .o 
use such cermmology herein. 

, H=r..hv .affin. rr.y a..ders.a„dins *ac . have an ovemd^n, duty to .h. Pa.en, Office 
(,.;„^v Aastrahar. F=d«al Court .ha. sho.id .ev,ew .U= Pa.=n. Office de=,s,on) o 

;o..de ob,=cdv= sc.ea..f,c ^aWs.s d.a. I heUeve .0 he I hcreb, a.nnn *.a. 

L ^e be., of o,v ,cno*>ed,e and hehe.', facua. ..a.en,en.s here,n a.e .™e and op,raon 

statements her=.n represent my objectWe scenafic cp.nion and anaWs.s^ 

ori,mal dedaratton included evrdence re,evant.to whether .he opposed 
aophcat,on lac.ed novelty (OPR. at 2^-2.3)-, lacked ^venfve step OPR t . 
):lac.eds„(0PRlat4a-4.U,.,acMfa.rhas.s.0P..at -^^^^ 

laced clanty (OPR. at 6..-6.U,; and was not a marker " 
.,.7 6. in resocnse, the patent appUcan, HGS Sled dec.aratrons from^su .cenusts, 
iohn Stanley Manic, (heremafter ",.mV(.AppU=an.s, Iota Matt.* I ' 
Dec,arat.on)),Ie,u,tfer Rum Ga,nb,er.ajO|..,, Nicholas KamHa^.ard ( .au. ), 

Thomas Raoooon (".^TRn, S.arr Aaronsson (",AS..n, and Susan Power 
• ^Zry 'in'tMs deolarahon Uespond to .ssues ratsed by the HGS declarants. 

. for the most pan, the St. HGS declarat.on. are not orgamxed by grounds of _ 
n.pos.ton, and ,t is not always poss.ble .0 determine t.e » ^ ^ 

-.arants are respo^tn. .ne HOS 

have trred to determine the tssues to wmcn nOS » e-aenc. per 
.Hose tssues u. a top,=a, fash.on. rather than addressing each deCarahon senally, I 
: e attemoted to or.ana.e many of my comments m d,e same manner as my on.na, 

0PR.1 declaradon. where u appears chat dQo . . Auenc- - . 

Le^c .^ues (> noveltv-^nvenuve step or lac. of fa. bas./insufnc.ency). I have 

■ P^^^'^' ^ ■■ ' . . H.H:.-P/nt... Failure lo address aa 
also addressed panicular issues raiseauyu... ... . 

specific issues should aoc he in.e^reted as agreer^e.. wuh any hGS aecl.anc. 



. 6 U„l«= I specfically 3=a« cd.r«s= below, , affinn =he facts a^d opu-.ons ..pressed 
,n my pnor dectoaUon. NotSnng in SOS s ev.dence-m-answer causes me to chan.e 
Che opmions embodied in my first declaranoti, . 

PMLIMirSARV MMARKS MGARDINC QU.^.ITY Of HGS EVIDENCE 

, I , .voa.d tixst l.ke to make the foUo-vms prebmmar, observations about the HGS 
evWence-.n.ans»er which are relevant to most or all patentabrUty issues. 

^ THl HCSDECL..S.^TIOtNS.*JPLY A SCllNTOIC "DOUBLE 



, have r-viewed ^1 of the declarations tiled by HGS and observe that the declarants 

reviewed Professor Ali.alo's declaration (Bled as pa« of Ludwig tastidite's 
evidence-in-opposmoo) seem to believe that no conclusions can be drawn from a 
scientific experiment unless the expenment con.^s absolutely perfect, paralle ^ 
oosiiive and negative controls. (See AJGl at7.43 and 7.52; A>rHl at 
1,11 I- l^' andlSl The Alitalo declaration provided direct evidence that VEt--. - 
cannot be expressed and secreted in the manner taaght by HGS in the opposed 

application, but the HGS declarants suggest that such expenments ar-e flawe. ano 

cannot form the basis for any valid conclusions. 

The HGS declarants also are very restricdve of fce conclusions that they are wiUmg to 
draw based upon paor art. For exam.ple, when discussing the prior art. Dr. MatticK 

do,s not believe that any conclusions can be drawn about whether antibodies raised 
■ a.Lnst a pnor an VEGF pobvpeptide will cross react with .^ennc- seauences that 

occur m VEGF2 on a theoretical level • he would need actual expenmental data.^ 

. ^ , ,r ^ _^.,>;..T, ../-r, Mnnneh he assarts a tew pages later 

(.■VJiVi I ^.33) i'liis IS ur. LVLaLujv..v ^ t^v^o...... - ■ w 

(When codimenting on sufficiency of disclosure), th.at -computer programs were 

. m 19.4 to generate- mfomation about "aU of th.e antigenic sues on 
the VE0F.2 molecule." (.A^ll 4 S3). His opinions on these antibody issues are 

LiicoriSistent. 



, . ,n s=.. CO.... the d==>a«n. HGS asked =o eva.ua. <>« ,uaU,, , ^ 
■ .ac^,n»s of opposed appUcacon have .alcen a ..y l=.«< approach. . ,.es. 

.e=,:;a^. aP,e.;o have accepted chac VEGTI can be expressed in the .a.n=. ■ 
3„.„3ted in 'the opposed appUca^on," even thou^.h ^e.= ,s no. a s.ngie expen^enta, 
e;»p,e .n the opposed appl.canon ,n «Uch the .nven.or. repon successna, 

' . n .Q.^nPRl ar^ 4 ^ 3.5,4.6.2.2, and /.O) The rXo , 

^xtDT.-ssion of VEGF2 m a csU. (See OPRl ac . 

" ' ■ , ,,.enred chafVTGF2 has certam biological acuvuies, even 

■ . ^oPR 1 at ^ 2.?.4. 3.4.2. 4.6. 4.6.l-'^.D.-^ 4.8.-..^..-.^. ana 

rSrel—eais::^^^^ 

I de vanetv of diseases, even thoa.^ the opposed appi.ca.on c„o ev. n 
■ ■ ■ ....v-GF^canbetisedforsuchpurposes. (OPRIa......-....-.--'-. 

whatsoever that Vi-ur_ t-^- >- ,. 

4.6.3, and 6.8.1-6.8.4.) 

■ / - .ion thes^ two extreme approaches-are .nreconcilable. T.e e.peaments 
^r:::orL.o .d des^^d . .s arst de.ara.on are more reliant to the 
. „ o.he teachings . .he opposed appUca.on .an .e e.e.^^^^^^^^^ 

...ereof) descnbed m .he appUca.o. .self, or the expense., by D _ . cer 
Tdiscussed be.w m greater deta.), which are .ot based on teac^ngs . h 

, , r -^^d bad HGS raised any legidxnate cnticisms or Dr. Khalo 

opposed appUcation. (.--nd. Lad ^ ^ expenn-acats Dr. 

first declaration, the criticisms have been &ady .da...s.. by t„ . 



. , - se» e . Ai^a at 4. L9-4.23 (Mattic. cataloging uses cor VEGF2 alleged m 
. ,. ..1^„„.H^ -71 fMatticlc concluding that these unsupponed uses 

the opposea apuucaaou, ■ - ■ ^- ■ . ■„ , ood to use VEGF-2 in a 

u . > inFormabon that 1 would have required m 199^. cO us. v -^r 
"constitutes the oasic miocmat.L.- „ ,3 ^ 77-^78; AJGl at 

. , . , ,,t;.nHpc- -usee AJMI at 3.jl, - 
wide range of biological aai/iues. ) L^e. - - ' ^. , . g.^-.. ..SAl at 

- 7dS- AMHi at3.l5,3.l9-3.23,..^5, 4.zO, .-aRl at^ i-,--^ 
6 5 6.8,6.11, / .24, /.4o, /.43, A^H... _ 
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Alualo descnbes in his second declaraaoa.)^ ^l^en all of the scieadnc ev.den.ce m the 

o^posU.oa proceedmg is viewed objecavdy, cue finds direct evidence (from Dr. 

Aiitalo, r-vo sets of expenments) that the VEGF2 invention does not work as it was . 

descnbed in the opposed appUcation, because it is ^complete. Neither the opposed 
application n.or the KGS declaration present any evidence to suggest that VhGF2 as 
descnbed in the patent application works. Tne choice of the HGS declarants to 
discount the scientific evidence and accept the teachings in the patent appUcation 
about VEGF2 is not based on any scientific principles. 



le 



. 6 Dr Gamble's declaration provides another excellent example. There is direcz 

e^er^mencal e..dence underlying Dr. Alitalo's declaration that VEGF2 taught m th 
■ application cannot be expressed and secreted. Yet ao^vithstanding that evidence, Dr 
G-amble savs, "In my opimon D^. Ahtalo's conclusions represent pure speculation and 
cannot reasonably be drawn from the results presented m his statutory declaration . . . 
. Yet Dr Gamble apparently approves of the opposed application and its teachings, 
■ • even thoueh none of the teachings relating to VEGF2 or its expression or activity are 
b^sed or reported expenmental evidence. I note that when Dr. Gamble cntically 
evaluates the scientific meat of a patent application, her standard is that ''whether a 
patent specification gives examples of biological activity would seem to me to be 
largely irrelevant." (AJGl 7.18) In my opmion, her standards for scientific 
evaluation of declaration documents and patent documents are simply irreconcilable. 
There are other examples as well: 



'■ ~ T~ 7 -i»,r,r,n.-nred rhac vTGF^ cannot be exmeased and secrecad as caught in 

' .. ■ Dr. .Mualo's .Lse c.uUs were aoc cdiable because the ' 

^J:^ "^S^.^^^^ ena^^pic, but did not pr«ent .any ~ 

-rr--r reconed 'D iiis second declaranon. Dr. .\litalo re-ran .us ....p=.-mcuu 

successful expression ' ".d adc^essm. other concerns ratsed by therr, and show.d agam- that 

us^ng the controls ^^SS^^^'^.'^J .au-^ht m the oooosed apphcadon. In tny opmion. his second 

VTGF2 cannot be ercpressedand secr.ted tau,..c cr^cisir raised bv KGS. Dr. Alualo's 

declaraaon currher validares his tlrst declaration -J-i" .^oosiaon'pcoceedma, because the 

experiments are really the only ^.^J^Tf^^! ^.^^^^^^ by'ceiis, and HGS 

opposed application contains ^'^l^!^:^^^;;^,-,, she expressed and secreted a prote^ln, but 
^S:^^::^ - what HGS ta^g. . . apphcanon.) ^. 
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.61 Dr Gamble -'would expect that VTGF2 could be expressed and secreted and would 
be b.olo.Kallv acdve ( a JGl at oS, even though rtae apphcatxon contains ao evidence that a 
can be expressed or secreted. She seen.s to expect that such expres.oa would be routrne .n 
v.^a.l-; anv t,pe of cell, even though, the appucat.ou failed to show expres.on . any cell ■ 
t,^es. (AJG16.6.) hi my opinion, this assertion simply pare speculation . 

. 6 ^ ' Dr Gamble's opinion is that the mere >dentrficauoa of a DNA'sequence and ' 
■the inherent mformation U provides, combined wuh the teachmgs in the patent 
specificadon. "makes possible the manifest therapeutic benefits, Wnich VEGl- 
" . has to o.t?er, and wmch will be obtained in th.e future." (AJGl ac 6.6) She 
holds the'se ooimons even thougla the applicacion has no experlmentai 
" evidence of V'E.GF2 biological activity, and cenamly no evidence that V EGF. 
is tlaerapeutic for any disease. Ln my opimon, m Ught of the objective 
■ scientific evidence, her expressed opinion is pure speculation. " 



2.6. 



D. Gamble fmds that the application, provides "information concerning gene 
therany to Provide d.erapeutic"and prophylactic effects agamst a wide range oi 
d,PT-"nt d.-sease states". (AJGI at 6,8.10) However, the application proviaes 
no evidence of gene therapy. Additionally, in all of medicme, there are not 
currently "a wide range of differentMisease states" that are treated with gene 
theraov (usin. any known gene). 'Agam, m my opinion, m light of the 
objective scientific evidence, her expressed opinion is pure speculation. 

• . .6. DrGamblenndsthattheapplicationindicatesthatVEGF-2couldbeisolated 
from a human cell Ubrar. from a human embryo, orom osteoclastomas, from 
adult hean., or from adult breast "cancer cell Imes (MGl 6.8.3). even uhough 
■ the application fails to demonstrate isolation of VEGF2 procem from any 

r .„;-,;,..n In licrhr nf rhr^ nhiective eviaence, her 

source whaLjoevcL. ui i^i,/ ^^s-^^— - 

expressed opmion is pure.speculadori. 

. - While d^ese are onW a few of the examples I could give. I beUeve my.pomt is clear, 
.ppK.ng a unites and scientifically objective standard, it would make no sense to_. 
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i.betav= a carefully M -.d execux.d «pen..e:c. by Dr Altaic, s=,«.,3. 
who i3 perhaps n,o« faznU.a. w.th VEOF-C and *e VEGF2/V-EC-F-C gene than any 
oter 3C,entut. ,f journal pubhoanons are any mdicauon, but instead to beheve a 
patent apphcatton that speculates w.dely but has no anderl-y.ng experimental suppon. 

B. ^aS-QUOTES .\KD CROPPED QUOTES 

. a The mS declarants frequently say that they are quoting from or paraphxasmg 

statements ffom tny Brst deCaratxon, and d.en respondtng tothem. Occastonally, the 
quotes are uncomplete, or out of context, and fa.l to capture nay fcH thoughts and , 
oottnons on subjects. Sometunes. the parapl-^es are stmp.y uraccurate. In some 
cases HGS dec'larants say that are tespondmg to my declaratton, when they are not. 
It ,s important to tead my declaradon m context to determme whether the HGS 
declarants have re-ally responded to what I have said, and not rely on thetr 
representations. . " . 

FAILURE TO AM.^YZE FROM THE ST.4M.POINT OF SCIENTISTS 
HAVING COtVIMDNGENER-^L KMOVYLEDGE IN THE FIELD. ; . 

^- . n'- n>;tralinn naten.t law that most patentability issues are 
[t is my anderstandmg oi .-.ustrauan p-lci.l 

anal-^ed from .He viewpoint of an tndivtduai possessed of th,e common general 
^owledge m the t^eld of the ,nver..ton, tn .Australta. at the ttme that the patent 
.appUcatton was tiled..How=ver, thts is not always the.approach taicen by a. lea.t some 

o f HGS ' s declarants. ■ 

, ,0 Fore,.tatnole.Dr, Matttclc exphcitly states *at hts .nstruct.ons from HGS were "To 
"■ ' revtew the patent spectlcatton and to descnbe what tt would have conveyed to nte 
. . . . ,ooa riMl al2.3.l (emphasts added).) Dr. Matnck was 

^iso tnstructed 'To base all cotnments presented herem on my ^o^leage as at . 
March 199--, unless I specEcally state other.tse.- (AJMl at 2.3 3 (emohasts 
added),. A vast part of Dr. MantcVfs deCaratton expltcitly sets tbnh thas personal 
p.,„ v;,w ,.e„ conclustons that Dr Matt.ck perscnally beiteves that he woulu _ 



c. 



? Q 
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' H.,- dr«o or »uU= he b.Uev. he could have p.30«aUy achieved (AI^U a, 
3- , r- -73 and4J7.) To Che extent Dr- Mattick's (or other decteams ) 
^t^ine^ce expedience and posutons gave ^ '.nowled,, greater than the 
■ lo^on .ener^ knowledge ,n Anstraita ,n 1994, many of the penot^al opmons ■ 
expressed'd. his declaration niay t,o. be relevant to patemabthr/ tssues. 

D. FMLURl TO CONSIDER .^L MLEV-AiNT EVIDENCE 

. , , It .s not Ce-ar .on. the evidence subtrutted whether all at HGS . experts considered 

!„ the relevant evidence ,n reach^g their op.ntons expressed . *e,r dec.araf.ons. , 

Por example - ad«r. Lasd^.e's evidence tn opoosttton tr.luded a declaration from 
For exampl. . ^ ^^^^ ,^pi,ca,,on 

Professor Mitalo setting tonh evidenc. t..at , - . „ i_ 

s incomplete and Is not expressed and secreted as a growth factor 
opinion n exoert providing an opinion as to the suiBclency and fair oasis o, « 

: ,d have considered evidence aboat whether the inventton worta as 
application should have on ^^^^^^^ ^^^^^^^ 

HGS alleged chat it would. It is not ciear uia 

gave due coasideratioa to the Alitalo declaration. 

E. IS VEGF2THESAMEAS VEGF-C? 

• . -UC^' Patent A ttomevs have u-uormed me that VEGF-2 and 
9r. Dr. Martick explains tnat nGS Paunt I -txo . . ^^,dav V^QP-^ 

" ' , I " cirvn at'Ol Dr. Gamble says Toaay, v nu. 

VBGF-C are the same molecule. (^^" ^ ^ 

identined by the nomenclature VBU.-C .^et^ ,.,s, nt 

specification 1 „ . ,he same 

■ IS mv undersianding that VEGF-. and ^-Gr L - 

^ r^. ^ .....r: n... the r.;vo terms mterchan.geably. (.kTRI . 
molecule.'^ (Aif^i i-' -' ^-''-^ 
at 1 3 .) Tms position requires clanfication. . 

.3 I staced in my earlier declaration: It is probably crue^hacVEGF^ • 
■ .ere ..W... the same human ,ene. (See OPRl a. ho.e.er. .... ar. _ 
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■ . hv ^vo dir.r-at research groups to the results of Lheir own research, 

H^r^neallv The advKe from HGS's attorneys or d.e ass.mpuo^^ 
which mtiereasubsuncaliy. ine at- l ^ 

these cerms can be us^a mur--..au^ _ _ ' 

3=cr«.d .^o^v.^. fac:or -VHGF.C" descnbed in p..en. a„d 3=.en.,nc luerature 
Mkalo al > md , he mcompl^e ■■VEGF2" sequence taughun opposeo 

:ppUca,;o„;d,.. ,s apparently .ever secrered' and has never .een reponed ^ the 
3 ennf. Ucerature . laa,e ..sn-Scan. b.o.og.ca, ac.v„... (I repeat b, reference m 

\f,i,> 4,,rrintionofVEGF2 inOPRl at, e.g., l.i.l- 
discussionoftheinadequacyof Jieaescnpttonot „ - K„„r^^ 

, -^d^U-4.11.2.) To the extent that Dr. Mattick or Dr Gamble or E 

aapTpon beUe,ed that any of the sc.entulc Uter.»are that has' ,^,^...r.^ 
„ V.GF.C ,s relevant to patentabUrt:, tasne. for U-e .nco^pU. VECf. taught .n ^e 
opoo'sed apphcat^on, Uaey have based the. declarations on .ncorrect assunapt^ns^ 
The e.peuments descnbed .n Professor ,M„a.a's r.0 declurat.ons (heretn OK. ., 
andOt-^-2) demonstrate that the incomplete VEOf 2 taugWm the opposed 
' application cannot be expressed and secreted. ■ 

or Ha..ard clearly uatetmmgles his knowledge of VEGF-C with the teachings m ^e 
opposed apphcation relating to VEGF2. For example, Dr. Ha,.ard dec area, 
ale JvEGF.l iS pr-oteol.ica,ly processed upon secretion from cells tn v.v to 
form tl. nanirally occurrmg Ugand for *e Flt-4 and th.e KDR'Fl.-l receptors. I 
.ould expect a fusion of the 50 amino ac.d sequence of VBOF- - =,^ai 
sequence to be proteolytically processed to produce functional V..GF.2. Ir^ ..hr., 
sc entists such as the .^oup led by Mitalo e. al. have demonstrated tn.at a he..nl 
rocessed form of VFGF-C (lacing about i02 ammo acids 

ermmus) and about 190 amino acids .om the end (Ctenn.inusi, b.nds ana .im .es 
.e nt4 Id Kr.F.m-1 receptors. iSee, e.g.. Documents D70-D74., The opp s^ 



See,=.g,OPEl at 1 .5 ,3-1 .5,1 and Documents D7 1-D74, 

See .Mitalo Declaration filed by Ludwig Institute as pa„ of evidence m 



pposuion. 



LO 



2.16- 



3.0 



thac VEGF2 is processed in a manner similar to GF-C, and does noc teach to .fuse 
the 350 ammo ac:ds of VEGF2 wtth an extra foreign signal sequence. Instead, the 
ancUcation teaches that mil length VEGF2 is 350 ammo acids which mcludes- a signal 
sequence of about 24 ammo acids and m.ature VEGF2 of al,out 326 ammo acids. By 
contrast, Dr. Alitalo's declaracions establish that VEGF2 as .taught m the opposed - 
-ar^nlicanon >s. aot expressed and secreted at all. men HGS determined riia: VEGF2 
.n^the opposed application was mcomplete. and tiled a second patent application 
■(■Document D43) on the 4)9 ammo acid VEGF2 more dian a year later. HGS still 
failed ro- teach that VEGF2 was a ligand for Flt4 or any other receptor, and failed to 
teach the VEGF.-C processing- that was elucidated by Professor Alitalo's group. . Thus, 
Dr. Hay-ward-s ^awareness" of VEGF2 processmg relates to Dr. Aiitalo'-s Vt:GF-C, 
and not HGS'3 VEGF2. 

Dr. Rapopon devotes a significant part of his declaration to discussmg biologically 
activ^ VEGF-C molecules invented by Alitalo and Joukov. (See, e.g., AiPa at 13- 
, . ). It .s important to remember that Alitalo and Joukov taught VEGF-C "biological 
activity" Ce.2., binding to Flt4 receptor and stimuladoa of lymphadc endodielia) that 
. were-not suggested by (and owe nothing to) the opposed application. The suggestion 
that the Alitalo work conilims teacmngs in the opposed application is entirely . 
misleading. (See, e.g., ATRl at 16.) 



LACK OF ^•OVELTY .A.ND I^-^-EDhTT^-E STEP 
OF CLAIMS OF THE OPPOSED APPLICATION 

Ln Secrion 2 of the OPRi declaration, I explained that at leas: claims 1 -4. 13-23, and 
34-61 in die opposed applicauon were broad enough to encompass macenals and 

. - ^u.-- ^--lnt.i,-^ rrCr^^^ r':^rhe^t 

methods that had been taught m ttie pnor ar. utcraLuic u.^w j..^^- 

alle-d proritv dace of 08 March 1994. The pnor art upon which I drew these 
conclusions did not teach the exact VEGF2 DNA or deduced -ammo acid sequences m 
the tigures or sequence listmg of the opposed application, but the claims at issue -are 
t limited to e.xact, cull leng^-h VEGF2 sequences. . 
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3 1 in iUs s==«on ! explain tha< the KOS d=clarar.« coasistancly fail to >d=nn.y a.y ■ 
exBlic-it ctam laoguag. thac excludes the pnor art that t tdentified m my Brst 
de^laranon I address the paraculars of the HGS declarations below, but I tna,nta,n 
ray oripnal optnton, expressed ,n OPRl , that mos, or all of the claims encompass the 

prior works of Others. ^ ' - 

3 , -The HGS declarants' pnncpal response to the references caed ,n my first declaration 
*at demonstrate that the appltcattonlacW novelry composes generalized statements 
ttiat a practitioner in the appropnate field of research would be able to dis.inguis.i 
Vl=GF. fra^ents, analogs, denvatives, vanants. and other genera of molecules^ 
ctoed in the opposed application from pnor art polynucleotides and polypeptioes 
(e. , VEGF PnGFa, PDGFb, PIGF, and Sagments, analogs, and derivatives- thereof ■ 
■ Jciosed or suggested in the pnor a«.)- A consistent shortcoming of these 
^ declarations is the b.lure po.. to any ian^,a,e in ,ke ctat... that detmes VBwr. 
molecules in a way that excludes prior art molecules, 

T>.riv,tive" Lanouaoe Falls to Exclude the Prior .\rt 
A. "Fragment, .i^aalogue, or Derivative Lan,ua, 

from the "Claims. 

3 3 several claims in the opposed appUbation are not limited to the exact VEGF2 , 
sequences because they are directed to a "fragment, analogue or denvative ot a 

- . , TQ-i nr a DQlvTLUcleocide encoding a fragmeuC, 

• VEGF2 pol'/pepnde {e.g., claim ^8} or lO a poiyTi ^ ^ 

• . ty.'-nf a V-EGF-^polvpepddeC-., claims 1-4. 21). According .0 
analosue or denvative ot a vtur- t;^^ h ^ 

I sp;cincation. .agments, denv.ives, or analo..es ma. be V.O.Z po..epaa. 
- idLd sue. t.at one or more o.^e ammo acid residues of V.0P2 are su.stir.tea 
■ with couser^ed or non-conser.ed ammo acid residues, and'or ones m which ^ 
additional ammo acids ar.e-aised to the maaire polypepuae. , (See, .ppos.. 
■ ,■ ■ ■ q 10 -) MsQ pobWtides resulting firom deletion oi ammo acids 
amllcacion ac pp. 9-lU..) Also, pui/H H ,. „^ 

.:;u,d still fall withm die commonly accepted defmition of -'tagment, analogue, or 
denvative,- (See also opposed application at page 7, discussmg -deletion var.ants, 
substitution vanants, and addition or nisercon vanants. •) 



L2 



in OPRl fexplamed chat the pnor an taughc DbfA sequences and pob^.ept.des, such 
as V-GF PIGH PDGF-a. and PDGF-b, that differed from the exacfVEGFZ DNA 
and an.mo ac-Id sequences taught, m the opposed apphcation. but st.U fell wUhm the ' 
. ' opposed anpUcation^sdermitionof^^fragmem, analog, or denvatwe." (SeeOPRl at 
^ ^ 2 , , 2.7. 1, 2.7.9, and 2 J.20.) Much of the opponent's evidence m answer is 
Hxre'tId'to"a philosophical discussion of whether these pnor an polypeptides, which 
although d.ey satisfy the Uteral definition of V^GF2 -'fragment, analogue, or ■ 
denvative-, should nonetheless be considered to fall outside the scope of the claims. 

3 S me opposed aoclication says that '"U is panicularly important that all eight cysteines are 
conser.-ed wuhin all four members of the family...." Taese eight cysteines are the only 
■ ■ v^GF7 ammo acids that the opposed application seems to say should.remam unchanged 

whe. desi^m. fragments, analogs, or derivatives. However, the appUcaCion Uself adm.its 
■ Uiac .he ei^ht-c vstemes are a feature that V-EGF2 already has in comm-.on with pnor an . 
familv members VEGF, PDGFa, and PDGFb. Thus, tlae opposed application; places no 
..stnctions when designmg frag^.ents. analogues, and derivatives that would prevent one 
from amvin. at these pnor art polypeptides, fri other words, all of these pnor art 
molecules (which already contamed the eight cysteines) could fairly be classified as . 
VEGF2 fraements. analogues, or denvatives as those tenns are used m the opposed ^ 

■c rr noR 1 at ^ - ^ ^ 2.) The claims do not restrict the number ot 
aoDlication. (See, e.g., OPKi at ; ■ 

. .:ditlcations to the VEGF2 sequence that a VEGF2 fragment, analogue, or denvative 
can contam, so in effect, V-EGF2 could be m-oditled until it matched VEGF. PlGF. or 



PDGF- 



J.O 



Nor,= o f rh= HGS declarants ac.aally =on«t my analys.s tha. cU.^s fa,l <o r,ci.. 
„s:nct,ons on "fragment, analo.ae, or denvaave" ,har would serve to =-'ude >h=^ 

prior art oDl>,Trucleot.des and polypepades such as v cur, r^ur.. . 

tafact Dr MatrrclcbasrcaUy admits that ,/...-!.r™.serforrh no maramum number 0, 

changes that can be made to a protetn tha, . to be o,as3.ned-as a VEC-F2 feagment. 
analo. or denvatrve; he srmply *ou!d not require that as part of die patent laws, (.ee 
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,.sxead of finding c... Unn.at.ons chat exclude tiae pnoran, the HGS declarants 
hav. prooosed a sub3ect.ve -noolcs more Uke" standard for .«..r.»:nng the cla.nxs that 
they say would exclude VEGF and the PDGFs from the claims: 

- 7 1 For example, Dr. Matt.ck said: --I would not require the patent specification to 
' ' ■ set a maximum limit of modifications that can be made to a protein betore I 

■■could .easonablv ascer.am whether a protem was a fragment, analogue.. andVor 
. denvative of VEGF-2. . . . As soon as a protem stans .to look more like - 

■ " VEGF PDGFa, PDGFb, or PIGF. it would not, m my opinion, be a fragment, 

analo-e and^'or denvative of VEGF-2. Thus, I would not regard any of 
" VEGF. PIGF, PDGFa or PDGFb to be VBGF-2 fragments, analogues and/or 
denvatives." (AJl^n 4.37; see also ^26) 
. 7 ^ .irnilarlv, Dr. Gamble s^d: 'Tor something to be a fragment, denvative or 

analogue of a m.olecule it must not only share abiological function or activuv 
' with VEGF-2 but It must also have homology at the pnmary ammo acid level. 

■ Thus a oeptide or polypeptide thac more closely resembles VEGF, PDG.a, 

■ oDGF. or PIGF. than VEGF-2 at the pnm^ary ammo acid level would not be a 
VT^GF-^ fra^-ent, derivative or analog^ae. Such an mteipretacion ts inherent 
- un'the me-anmg of these terms and.is consistent with the general m-anner in 
. which others- and I use t.hese tenns m ever^^day scientific language." (MGl a. 
7.12. See also .AJG I 7.25 - 7.27)- 

, , 3 s^milariv Dr. Ha^^vard declared that there is not sufficient sequence identify 
befween VEGF2 and PDGF. VEGF, or PIGF for these m^olecules to be 

. .v^GF^ r^e-e<^ ANHl at 3.3. 4.2.) Dr. Ka^.Avard 
■ considered denvacives ol V^GF2. (..e., e.,., 

, , ^ ._■ ^^.r- iH,=nrirv l.'^ reauired. ana, ot course, 

fails to explain wnat muiiiu^i.i ^-n—-- - -- 

the claims do not set a manimum sequence identity. _ , 



TW3 -looks ,r.or= Uk." »pro.ch ,= unworkable. I. is highly sub,e=dve„ v^sue, has 
to,s- m th= opposed appKca-aon, and would cause the scope of die claims co change 

over ti'xne. ■ _ 

First the approach that HGS .s advocacmg^ is contrary to the understanding of pacent 
law eiven ro me bv Ludw.g Institute's ar.omeys. It .s my understanding that the 
■ word^s of the claur. are. supposed to denne Us scope, not subjective "looics hke" 
.cntena-; The reader is supposed to be able to determine whether or act somethmg 
fails wichm a claim by cnteria thac are re-asonably clear. 

c 

I. fact the- appUcatioa discloses ao clear standards for decidmg whether a theoretical 
anaioo '.oolcs more like'' VEGF or VE.GF2. and there are no umversal standards m 
.lid of the invention, either. Ln the context of proteins, the "locks like" cntena 
c'ould be based on percent ammo acid similant:.. or oa three-dimensional shape, or on 
size, or more subtle cntena. such as whether 'amino acids that are believed to be 
essential for activity are more lilce those found m VEGF or VEGF2. 

3 10 I To eive one hypothetical example. the^VEGFZ polypeptide has an 

approximatelv 190 ammo acid stretch that shares homology with a silk 
crotein. "(See OPRl at 4,11.1.3 and Documeat D71, Joukov et al.. hMBO J 
16-3S98-3911(1997)) Removal of most or all of this large portionoFVEGFl 

would .ive the resultant VEGF2 fragment asize much more similar to the size 
■ of VEGF. Further, the tblded -shaoe of the truncated V. GF2, missmg thus 
silk-Uke domam, might be expected to look much more like the th_ree- 
dimensional shape of VEGF.oolypetides havmg a similar size. But this 
fra^ent has 1.00% amino acid identity with a poraon of VEGF2 ana much 
10 Jer am.no acid identic/ with VEGF.; Under Dr. Mattick's "looks like 

, nnr wP have a molecule withm HGS's claims. 

cntena, no r^.---- — - 

because It is unclear whether srze, or shape, or % .denfiw, or other properties 
are the most imxponant catena. 
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... 10 ^ To .v.e another example, maD.re VEGP-C has an ammo ac.d sequence nearly 
identical to a poraon of VEGF2, if the appro:amaceiy 190 SFOP-Uke ammo 
ac;ds are removed from the C-termmus. and stili more ammo acids are 
■ .emov.d from the N-termmus of VEGFl'. This molecule will bmd one of the 
' ,.0 VBGF recepcors (VEGFR-2,, whereas vhGF2 will not. (See OPRl at 
. iii^ and Joukov et al., E^BO J 16:3893-39 1 1(1997)) It ;s unclear under 
the -nooks like" cn.ena whether one should classif^/ VEGF-C as a VEGF2 , 
■analoe ^because of .ammo acid sequence idenuty) or a VEGF 3.alo, (hecause 
of receotor bmding properties). Receptor bmdmg propemes would be one of 
the moitimponant practical cntena for scientists who wished to develop 
therapeutic a.phcations for a putadve gro^v.h factor, which clearly seems to be 
a goal of Che opposed' appUcadoa. (It is s-erally tluough cellular receptors ■ 
thit growih factors exert their effects m the body.) 

3 11 The opposed apphcatlon Itself slys nothmg whatsoever about the "looks more lik.' 

standard for deUmitmg the boundaries of -^fra.-ent, analogue, or denvative. In fac:, 
the opposed application fails to mention any standard. 

3 1. ...othertroublingaspectofKGS-sapproachisthatthescopeoftheclaimswill . _ 
■ ' "change with time, as new genes are discovered, because the scope of ^'fragment, 

analog, or derivative" would contmue to change as more genes are discovered. Tnis 
problem is best illustrated wuh t^vo real-world examples. 

3 P I If we placed ourselves back m time to March, 1994. and were given the 

sequence of VEGF2 and asked to characterize U, the proper answer, accordmg 

to the ''looks more like" standard, would have been to call it a '"VEG. 
£ragm.ent. analog, or derivative." The reason tor tlus conclusion ar cHa^ cne 

..^r.,,^^..-.^ rr.nr,-^ rin.sflv resembled V hGr 
would have been tnat me ^ c^j. . - - 

(.00., ammo acid identity^ than any other known protem at the pnmary ammo 
.cidlevel. (See F.gure 3 ofth. opposed application.) VEGF2 -'looked more 
Uk-' ^/EGF than other kr.own molecules. Usmg d.e logic of Dr. Mattick and 
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owi 
4.12. 
of 



Dr. Gamble, the VEGF2 sequence would have been a mere analogue or 

denvacive of VEGF. 

Mon Some time after 1 994, the VEGF-D gene and pro tern were discovered by 

^,hen et al (See OPRl at 4.12.1; and Document D67.) VEGF-D has greater 
ammo ac.d percent'.dennty to VEGF2 than U has to VEGF. Under the HGS 
■•looks more Uke" cntena, VEGF-D might'be considered to fall wTtiun the 
HGS claims (becau.se U .s more simnar to V-EGF2 than VEGF). On the od-.er 
hand. VEGF-D is. a separate human protem m its own nght, encoaed by its 
vn ^ene, that owes nothing to the discovery of VEGF2. (See OPRi at 

1) It would make no more sense to call VEGF-D an analog or denvative 
.:VEGF2 than U would have made to call VEGF2 a. mere analog or derivatr/e 
ofVEGF, when VEGF2 was di.scovered-(due to shared ammo acid motifs and 

allegedly shared biologic,al activities). 

3 P 3 The lo'-cal extension of saymg that a newly discovered protem (such as 

VEGF-D) .s not a fra.gment. analog, or denvative of a previously discovered 
one (such as VEGF2) is that the scope of HGS's patent claims to VEGi-2 
f^-a^ents. analogs, and denvatives becomes narrower each time a new gene 
familv member, such as VEGF-D, is discovered. La other words, belore the 
- discover-/ of VEGF2, all of the analogs that looked more like VEGF than 
' PDGF w^uld have been called VEGF analogs. Then, when VEGF2 was 
discovered, some of those "VEGF analogs" would have needed to be re- 
classified as -VEGF2 analogs'" because they looked more like VEGr 2 than 
VEGF In fact, all of the VEGF analogs that looked more like Vi.GF2 than 
VEGF or the PDGFs would have been reclassified as VEGF2 analogs. But 
then, when VEGF-D was discovered, some of those analogs would more 

. ,- J T.-T-^-r .,^.,i^rrc- K,=-- o n Hi e V u«'erf=> fTiore simii ar to 
properiv be classuicu as v c^i o..-^-^., ^ -— .■ 

aewly discovered VEGF-D than to- VEGF, VEGF2, or the PDGFs. 

3 ^ . . Mv purpose with this exercise .s to show that if you try to apoly a 'looks more 
Uke" standard for mterpcetmg.the claims directed to tragments, analogues, and 
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B. 



3.r3 



denvauves, then the breadth of d.e cla.m gets aarxower every time someone 
discovers a aew member of the VEGP faxmly. Tne .lea that the scope or 
oatent claims changes each t.me a aew VEGF famxiy member .s mscoverea . 
contrarv ro mv understanding of the clanty requirement of the patent laws. It 
>.ould cause conius.on and uncenaanty for scientists trying to interpret the 



claims. 



3 P . Tosu.-^anz.,th=^lto^or-fta.m=nt,..alogu.ordenv.uv.^c^^^^ 

.^brc« YKiLPEeii^aiEEGEi all ef wWch were tao^v^ ,n field _ 
. and descnbedm Che Iteatur^ before the pnonty da,* of the opposed 

.oohcauon. -n>e subjeonve "looks more Uke" standard proposed by HOS to 
avo,dth,sconBas,onhasaosupponlirtheappUca.,onortheclarms. l-ts 

unworKably va^ue. and causes th,e scope of the claims to change o.er tu-ne. 
.V1;GF2 ■■•Activity- Language Jails to Exclude the Prior Art from the Claims. 

. number of the clattns of the opposed appltcation use an actrvrty limitation to 
a't^rpot to defme wh.ch polynucleohdes and polypeptides fall wrth.,n a clatm and 
wiuch ones do not, I explained m my ftrs. deciaratton that the itst "f--;-= 
- -ascnbed to VEFG2 'ov the opposed apphcat.on are merely acnvrt.es that have be.n 
^crrbed to VEGF. PDGF, and/or PIGF pnor art polypeptrdes, (See, OPRl at 
,-3-, 35, For tMs reason, data Umttattor^dtrected to ••VEGF2actW,ty tatl.o 

• "* : . . ^-^^-T-P'-r'^ie5 be-'^use rhe only teachings m the 

exclude the aforementionea pnor art poi,pe,t.des, / ^ 

, ,,„,ieabon rKatin^ to VHGF2 activity are predictions that V .Gr2 will sha.. . 

Opposed aDpucation r^.Lj.L„i-, 

■ " . ■ ■ '^u ^ .fh.r .cientiscs had identified m the aforementioned pnor ai- 
activities that other si-ienciaLi ua-u. i 

.c.. nPRi ac ^ 3.5,2.7.4, 2.7.9, and 4.6-4.8.) 
polypeptiQes. (See Ot'Kl ac . - 

. .u. f;.r M,.f rla^TT-,.. which recite '•'VEGF2 activity" 
3 Id None of HuS's decrir-dais Ct..u.o.. 

art pol-ypeptides such as VEGF, PDGFa, POGf o, arad PIGF. 
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Dr Gaxnble and others asic the Patent OSce to accept that VEGF-2 b.ologKal act.vUy 
means ^^an,:ogemc acthnt.-' and optionally others. (See, e.g. AJGl 7.9-7.11; 7.1> ■ 
7 IS; ar.d 5..14-5.22. See A>a-Il at 3.6) Tliere are several problems with their 
analysis, including the following: 

3 15.1 Firsi, even if we accept her selected defmition, angiogenic activity fails.to 
exclude prior art vascular endothelial growth factor (VEGF) polyp.eptides 
•■■ from the claims, because VEGF polypeptides are angiogemc, as admitted in 
the oDOOsed acplication (background) and in Dr. Gamble's own papers. (See, 
■ e.g., Coclcenll, Gamble, and Vadas. .Wxure GBC-9 m the KGS evidence m 
reply at pa-e 136.) In fact, if angiogenic accivity is sufficient for VEGF2 
' activity, then according to Dr. Gamble's pubUcations, PDGF polypeptides are 
embraced as well. (See Litwm, Gamble, and Vadas, .Annexure GBC-10 of the 
HGS evidence, atpage 105 (PDGF "has roles in wound healing and 
an.giogenesis*')-) • . _ • ■ . , 

3 1 . 2 Second, the claims are not restricted to angiogenic activity, and the application 
teaches that VEGF2 has numerous activities other than angiogemc activities. 
(SeeOPRl at2.3.3-2.3.5.), 

3 15 3 Third, tiiere is simply no evidence that ^.TGF2 as taught m the patent 

hcation has angiogenic activity (or any of the other activities alleged). 



As a related matter, Dr. Gamble declared that an endothelial growth assay could ' / 

distmguish VEGF2 polypeptides, fragments, analogues, and variants from PDGr 

polypeptides, analogues, and variants: 

"AS an additional point of distinction ber-veen VEGF-2 and PDGFa, or 

^ , r^T^^m, .-I.- ^^.-.rnr^r^ rht=^ cn-nwth o f endo tiieUal 

PDGPb LS that nuura ana ri^oi u ^.-^.^^^ - ^ - 

cells rnus had i wanted to distmguish a VEGF-2 fragment, analogue or 
■ depvar-ive from any one of these proteins, I could have easily performed one 
or more assays, such as those identified m paragraph 5.15, above. Such assays 
could be performed to show chat the analogue, fragment or derivative 



contained an endocheliai cell proliferative actiwr/, wlnie the comparator 
rnolecule (such as PDGFa and PDGFb) did not contain such an activity. Such 
a result would clearly bav. distinguished a YFGF-2. analogue, fragment or 
. denvaave from PDGFa, or PDGFb." (AJGlat7.ll) 

Dr Gamble's proposition is not correct. First, it is .imponant to re-emph-asize thac the 
opoosed at^phcation teaches that VEGF2 shares biological acuvides ofPDGFa and 
PDGFD (.SeeOPRl at 2.3.3-2.3.5.) Since VEGF2 supposedly has activities other 
than endothelial ^owth activities, including PDGF-like activities, it is not clear fo me 
whether the results of only .an endothelial cell- gro^vth assay would reliably excluae- 
PDGF proteins from the definition- of proteins with VEGF2 activity. (See discussion 
below relatin. to lack of clancy.) Second, pnor art VEGF polypeptides have 
endothehal ceil ^owrh activity, so even if -'VEGF2 activity" meant a combmation of 
angiogenic .and endothehal cell growth activities, the claims would still encompass, 
prior art VEGF subject matter. _ > 

Dr Hav.vard's position reg-arding;'VEGF2 activity- is that he does not understand 
whv a unique defining activity that discriminates VEGF2 from pnor art polypeptides 
■ (PDGF VEGF) is necessary at all. Ke feels that once a substantial portion or the 
pnmary amino acid sequence is available, the sequence provides the essential defimng 
char.ct.nstic. The an.svver to Dr. Hayward is that many of the clauns (e.g., Lhose that 
recite fra<^ent, analogue, or denvative and those that recite antibody bmdmg) do not- 
explicitly reouire che presence of a substantial portion of the pnmary VEGF2 ammo , 
acid sequence. Those claims have neither stn.ictural nor frmcuonal (activity) 
hmita^ions that exclude the pnor art. If a claim fails to exclude the pnor art with 
stracmral or tunctional or other limitations, .hen the claim encom.passes the onor an. 



'•'Hybridizatio 
Claims. 



n^^ Claim Language Fails to Exclude the Prior Art from the 



A number of Che claims m the opposed application use a hybndization limitation to 
attempt to define which polv-nucleotides and polvpeptides fall withm a claim and 
which do not. I explained In my first declaration the naDare of hybndizaticn 
expennients, and also that whether two polynucleotides hybridize to each ocher is 
dependent on both the relationship of the molecules (complementanty) and the 
conditions under which the hybndization experiment Ls conducted. (See, e.g., OPRl 
at 2.4-2.4.3.) Hybridizanon expenments are binding experiments with which 
scientists can determme the relatedness of polynucleotides, and I previously explained 
that scientists can adjust the expenmental- conditions (e.g., temperature, lomc strength 
of solutions used) to increase or decrease Lhe stringency of the experiment and thereby 
increase or decre^ase the group of hybridizing pol:/nucleotides. . I explained that the 
HGS claims require no mmimum-level of stnngency that would'ser/e to exclude prior 
art DNAs/protems from the claims. (See OPRl at 2.4-2.4.3, 2.7.5, and 2.7.11-2.7.12.) 

None of HGS 's declarants contest the fact that c/aun^ which recite "hybridization" 
language fail to reciie hybridization conditions that would ser^/e to exclude pnor art 
pol^ucleotides or pob/peptides such as VEGF, PDGFa, PDGFb; and PIGF. 

3.20.1 Dr. Mattick says that when he reads the hybrdizauon language of the claims 
in combination with the description of hybridization set forth in the patent 
specification, he would understand "it" to mean that hybridization conditions 
should be sufficiently specific to exclude known, non-VEGF-2 sequences. He 
says it would have been routine to perform hybridizations to avoid cross- 
reactivity with pnor an sequences. (AJ^ll 4.28-4.30, 4.39.. and 4.49-52.). • 
Thus, Dr. Mattick does not dispute that the claims contain no hybridization 
strmgency limitations whatsoever. Dr. Mattick believes the hybridization 
claims avoid the pnor art because exemplar/ conditions in the application 
shcuM be interoreted as re.srricrion.s on the hybridization claims, even though 
the claims do not contain the hybndization conditions. 

3.20.2 Dr. Hayward discusses. hybndization at ANHl 3.9 - 3.12 and 4.,ll-4.l5. He 
admits chat varying the hybndization conditions will aite,ct die number of _ 



■ ,„„actoolvnacl.cttd= matches cha,wmhybr:d,z=.o a. axg« sequence 

ac 3, 10^, and. Uke Dr. Maltick, Ends an exampl= of =ondU,6ns rt. 
„.ci/!.-ato. «bich to says prevent cruss-hyb-adteation (M^Al at ..1 1). 
He savs that cross-hybr.dtzatton wonld be unlikely under suuMe cond.iwns 
l.ck 'a. .kose oro..dea .n E:..r.pU 1. (.^-1 at *.U.) However. he does no, 
dispute that such.hybridrzatton conditions axe not explicitly recited m the 
claims rhemselves. 

„re« of the comments by the HOS dec.aro.ts; I have revie-ved di. application 
■ Ln ,0 determine if the application says that, w-henever claims recite hybndi. t.^ 
llsuage, the hybridization shonld be anderstood to occnr ander particular condi.ons. 
I find no ulstruction of this nature whatosever. 

3,, MvreviewofotherHOSdocum.nts6artherconvincesmethatthehybndization 
Claims do not exclude the pnorart.lt appears .cm other pablishedpatent ^ 
aoolicatioas that, when HQS intends to Umit its claims to certam hybndiz. ion 
Tnlions, or limit claimed .agents, ^analogs, or denvatives to those with nunimum 
levels of sequence identity, KGS includes such limitations m the claims. 

3 Hied .»ith dus declaration are Exhibits P..WR-1 to P..WK.3, which l understand 
" represent the claims of published patent documents 6om Human Getiome Scie^c. 
relinc to other DMA and protein inventions. When I examine the Cauns ol dies, 
applications, I see explicit limitations like die following: 

-, 1 Exhibit P..WR.1 compnses cla,m.s from Human Genome Sciences 
Australian Patent Publication No 7U434, also directed to Vascular 
Endothelial Growth Factor 2, and having common mventors with t.he oppo^d 

aooiication. I observe the tbUowingcainimic...... 

„,„\=3pect to diatVEGF2 invention, which were not employed with respect 

CO the VEGF^- invention in the opposed applicaiion: . 
' Clai-n I oan m: ^-Vlien claiming polv^ucleotides chac hybndize to a 
reference poi;mucleoade, HQS spec.fi.d pol>Tiucleoude fragmeati 



whach hybridize "under the foilowmg conditions: hybndisation in 0.5 
M sodium peroxide NaP04, 7% sodium dodecyl suh^ate (SDS) at 65"C 
and washing with 0.5 x SSC, 0. 1 % SDS at 6.0"C or equivalent 
hybridisation stringency." (See also claim 14 , 16(m), and 29.) 
As I explain in my first declaration, factors such as temperanjre and solutions 
used in a hybndization experiment establish (limit) which molecules will 
"hybridize" and which, will not. (See OPRl at 2.4-2.4.3.) E.xhibit P.^VVR-2 
■ which comprxses claims ffom' HGS Australian Patent Publication No. 726486, 
mcludes claims reciting similar' hybridization conditions. (See, e.g., claims 
33-54.).^ 

3^3 2 E.'chibit PAWR-3 comprises claims from Human Genome Sciences 
' - • Australian Patent Publication No. 708972. I obser/e the following claiming 
conventions employed by HGS with respect to that invention, which were not. 
employed with respect to the VEGF2-Lnvention of the opposed appUcation: 

When claiming homologues or analogues of a reference sequence, the 
claims include a "perceat identical" Umitatiori which restricts the • 
amount of variation permitted from tlie original sequence. See, e.g., 
claim I , part (h), or claim 6: claim 1 part (n) ("capable of hybridizing . 
. . and which is at least 70% identical"). . Also when claiming variants, 
claims include a "conser/ative" limitation whach restricts the types of • 
variations that are introduced. See, e.g., claim 1 5 pan (1) ("variant . . . 
wherein said vanant results from conser/ative substitutions.") 
- Percent identity language and conservative substitution language ser/e to limit 
the amount o f variation that is permitied in the- molecule. 

3.23.3 [ have not reviewed these other patents for their ment and express no opinion 
. .t., .or„^of*n^c:^ rhp cr.nne nf their claims. Nor do I express an 

ilOUUL LIXC CLpwL w^i . --------- 

opimon at this time about whether the foregoing types of limitations would 
cure defects m the claims of tlie opposed applicacion. , I make reference to 
these documents only to contrast the claim language that HGS used m them to 
Che claim language used in the opposed application. Dr. Mattick would read_ 



the claims of the oppcsed applicarion to incorporate hybndization or other 
limitations found in the text of the application. Dr. Mattick's analysis fails to 
explain why HGS sometimes chooses to include hybndization limitations, 
percent identity Limitations, and other limitations in patent claims and other 
times does not, if HGS always intends to have its claims limiied by such 
. conditions. 

Limitatioas in the Claims Relating to Antibody Binding and Antibodies Fail to 
Exclude the Prior Art. 

Claims 16-20 and 40-45 of the opposed appUcation recite a genus of any polypeptides 
that would be bound by any antibody that binds VEGF2. I explained in. my first 
declaration that these claims encompass prior art polypeptides. (See, e.g., OPRl at 
9 5 and 2.74-2.75.) I explained that at least some antibodies that were capable of 
binding to VEGF2 would be capable of binding to pnor art polypeptides, and that 
consequently, antibody binding limitations of claums failed to exclude the prior art. 
(See OPRl at 2.5, 2.7.12, and 2.7.15.) 

Dr, iViattick and Dr. Gamble believe that one cannot conclude that these claims are 
anticipated, in the absence of actual tests showing cross-reactivity, and that the claims 
cannot be analysed on a theoretical level. {See, e.g., AJMi 4.3 1-4.34, 4.40, and 4.48; 
AJGl at 7.21.)' There are several flaws in Dr. Mattick and Dr. Gam.ble's analysis. 

5.26 ■ x^irst, Dr. Mattick contradicts himself only a few pages later, when he declares that 
"com.puter programs were readily available in 1994 to generate" information to 
ideniif:/ "all of the antigenic sites on the VEGr-2 molecule." (See AJMr4:83.) It ■ 
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' In parasraph 4.43 Dr. i^/^aa:lck speaks of whether die amino acid sequence . 

"pretereniially binds"..a VEGF2 antibody. I'm not sure what "preferential" binding means, 
and whatever it means, it is not a requirement of the claims. Only "binding" is required by 

the claims. 



a 



cnakes no sense to urge-chac andbcdy binding defies d.eoreacai analysis if co mputer 
programs were readily avaiiabie'seven years ago Lhat could identify all anagenic sites ' 

on a protein. 

Second, the scientific literature contradicts the conclusions drawn by Drs. Matticlc and 
Gamble. For example, Harlow et al.. Antibodies, a Laboraton' Maimal, Cold Spnng 
Karlor Labcrator/ Press (19S8) (cited m the Statement of Grounds and Panic ulars as 

treatise that formed pan.of the commoa general knowledge m .1994, and also in 
OPR 1 ) instructs that synthetic peptides as small as si:c residues m length "will 
consistentlv elicit antibodies that. bind to the ongmal protein." (See Kariow at page 76 
which IS Exhibit PAWR-4 to this declaration). I explained in my ongmal declaration 
(OPRl at 2.74-2.75) and Dr. Gamble has confirmed (/JGl at 7.13) that the VEGF2 
sequence and pnor an sequences share at least, one.or o^o stretches of 6 or 7 ammo - 
acid (10.0%) identity. Accordmg to conventional wisdom, these peptides can be . 
exDected to elicit antibodies that bmd to ''the onginal protein." from which the ■ - 
p^ltides were denved. In other words, conventional wisdom in the field is that these 
peotides can be expected to elicit antibodies which would bind both VEGF2 -and also 
bind to the prior art protein (VEGF or PDGF) that shares the common pepdde 
sequence. The personal opimons expressed by Drs. Mattick and Gamble appear to 
defy conventional wisdom on this subject. . 

Third. Dr. Mattick's opmion that one cannot meanmgmlly-analyze the claim lan^.age 
relatm- to polypentides that would bind an antibody that binds WtXstl on a 
theoretical level compel a conclusion that clatms 16-20 and 40-45 of the opposed 
'a..Ucat^on are .ndejlnUe. VVnen one examines riie HGS appUcacion, one .ees that the 
inventors /a.7.rf to describe any actual anttbodtes to VEGF2, yet the claims seem to 
encompass the theoretical umverse of all antibodies that bind ^/EGF2. The opposed 

. c -4.1 •.L. - 'r-.;-nHino- JiC'inV CO U-SS to 

application does act even Scl lOtui uic ^^^'F-'- = - ^ ^ 

dVteiTrune whether or not a protem is bound by an antibody that binds VtGF2. i lius, 
Uk.^ It or not, the claims at issue r,qu.re a theoredcal analysis, if they can be given 
any meanmg at all. If a common sense analysis of antibody science cannot be applied 
CO analvze oatent claim language, then patent e.vammers would be required to perform 



absurd .mounts of laboratory -ori. or c.her«s= alio-, any pat.i>t claim relaung to 
antibodv bmd,n=.. Th. pubHc codd Icow w,d, any oertalr.cy whether ,t was 
„or'<in. wtth an mmnging polypepttde because she pubUc could never test a For 
bmdin. aoamst all VEGF2 anttbodtes^ (See also d.scuss.ot, in paiajraphs ..4-a.4.4, 



below.) 



3 ,oDr Matuck's and Dr. Gamble s re&sals to draw ^.y conclusrons about cruss-reacttvtty 
and antibodtes is another example of the double standard that they have applied to tins 
proceedin.. S=tent.sts have decades of experience makmg and usmg anttood^s, anu 
the e-c=er-ienc= permtts sc.entists to tnake predictions about cross-reacttvtty. For 
examnle scenttsts would predtct that tf a first polypeptide has an epttope ot about s,:t 
ammo adds, then an anttbody to mat ep.tope would probably bind the same s.x ammo 
acd epttope of a second polypepdde. (See OPR 2.5 ) Tnere is a clear tncongrauy tr 
Dr tViattic. refuses to draw conclusions about antibody bmdtng on a theotehcal level, 
" but ,s wtUtn. to beheve totally unsuppor-.ed statements in the opposed apphcatton that 

■ VEGF:- fra-nents can be used to treat cancer and all of the other diseases and 
condtt,ons listed tn the opposed application, (See Ai^Il 4.19-4,24.) Predictions of 
antibody cross-reactivity due to common epitopes is »t least as reUable as preuicfons 
of biological activity based on only 22-30% sequence identity, which the HQS 

appUcation mate and the HGS declarants appear to accept on faith. 

3 30 in my analysis of the pnor art and novelty issues m my first declaration, I e.Kplam=d 
that scientists would not nomially consider the immunogemctty of a protem to 
.onstlmte a-btological activity" of the protem. (See OPRl 2,7.4, HGS challenges 
this position m Its evidence m answer. (See, e,g., .^U 4.43-4.4.5, .^NHl a, ..U) 

ripqr that LI inmanosenicitv constitutes a V"EGF2 
3 51. Atti-ieoatsat,lwoulalikstomakecleartnaciiinimur . . . 

bioloaical acrivit-y, men this only orea.>:b ... — - -- - 

■ oopoled aoplication with "activity" limitations are not novel, as I explain m my tirst 
declaration: (OPRi at 2.7.4.) Toe VEGF2 polypeptides will be expected to generate 
some of -he same^antibodies that are generated by poor an polypeptides. 
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3. FG<^ has called mv explananon (thar .mmunogemcicy not a "biological act^v^t;/' ox ' 
' a pucaave ^owth factor) ''spunous.- (AJ^I 1 at 4.45-4.46) The plam fact . that when 
^nent.si3 and doctors- wash to develop a protem-based dierapy, .nununogemcity is an 
^^^^^^^^^^^^^^^^ and not a ^'b.ologxcal acdvxry". By way of illustration, I shaQ 
suD^ose that the biological activicy ofVEGFl in the human body is to heal wounds. 
If one wants to administer VEGF2 as a pharmaceutical to treat wounds, then it is 
absolutelv essential that the VEGF2 NOT be imniunogemc. The consequences of 
VEGF^ bexn^ imxnunogemc (causing, the body to make antibodies to VEGFl) could 
be catastroohic. For example, the antibodies that the body creates would be expectea 
' to neutralize the. VEGF2 pharmaceutical that was administered. In addition, and more 
senouslv. the bodv would continue to make VEGF2 antibodies which would 
.eutrali- the bodVs own- VEGF2, making it harder or impossible for the body to 
nat..rallv .eal fut^ire wounds. In..effect, patients bemg treated with VEGF2 to heal a 
wound would, as a side-eiTect, develop a potentially perm.anent and catastrophic auto- 
iniiTiune disorder. My illustration shows why an immune response to growth factor 
. theraoy would be considered highly undesirable,' This. illustrates by example why,, 
persons skilled m the art do ^ classify mu^unogenicity of a polypepdde (the abihty 
to raise antibodies to it) together with those mnctions (e.g., growth factor Sanctions) 
that are conventionally referred to as biological activities, , 

3 .3 B V wav of additional illustration, I refer to Exhibit P AVVR-5 (SkoLnick and Fetrow. 
"From -nes to orotem structure to function: novel applications of computational 
approaches in the genonmc era.'" TIBTECH, IS:34 (2000)), a relatively recent review ■ 
anicle m the field of genomics that explores such issues as predicting what a protein 
does based on a protem sequence deduced from a DNA sequence. On oage .4. .he 
anrhors address the auestion, ^-.Vhat do we mean by protem function, the focus ot this 
. . 'aracle- The authors suggest -omction can have many levels and meamngs, e.g. 
d-endme on whether one is looking at che protein function at a ..clecular level 
phvsioloJical or metabolic level, cellular or pheno^/Pic level, or the like. However, 
the.ability to make antibodies to pob^.eptides is not am.ong them. 

£. Reply to Miscelianeous Specific Comments of the-E videuce-in Answer . 



■ I oSer the following additional coiimients to particular declarations m the HGS 

evidence m an.sv.er that appear to relate to the issues of novelty and inventive step. 



a. A.TMl 4.40 

■3.25 Dr. Mattick declared as follows 



3.36 



"In paragraph 2.7 Associate Professor Rogers refers to a 
number of publications, which he says teach the subject matter 
claimed m the patent specification. I have reviewed each of • 
. documents D1.. D5.,D7.D12:D16,D18,-D19,D20. D29,D34, 
D35, D36„ D39 and D41. None of these documents descnbe 

VEGF-2." (AJVU ^..^O) 

Tms st-^t^ment is not relevant to whether the claimed invention is novel. In my first 
declaration, I explained in detail that rA. cla^ms are not HmUed to VEGF2 molecules, 

■ and that the aforementioned documents descnbe molecules that fall within the scope 

of the very broad clauns. (See OPRl at 2.7.) 

3.37 Dr. Mattick funher declared as follows: 

'•■Further, to the extent that one or more of the claims in the 

. . " patent specification might include a polypeptide that binds an 
antibody that binds to VEGF-2 I note that none of these 
publications descnbe an antibody that binds to VbGF-2 or . 
. establishes cross-reactivit:/bebveen VEGF-2 antibodies and ■ 

VEGF antibodies. These documents refer to such subject 
maaer as VEGF. PDGF and PIGF." (.-JMl ^-^O) 

3 33 This statement. also is not relevant to the novelty of Che polypeptide claims. To the 

extent that these publications disclose a polypepade that bunds an^ antibody that bm.s 
• V-GF- these oublications destroy the novelty ofthe claims which recite dus 

■ lan^ua-^l^ -TheVact that these publications use other names (VEGF, PDGF, PIGF) has 
ao-beanng on whether VEGF2 antibodies bind .he oolvTeptides disclosed therein. ^ 



A.TMl 4.43 

Dr. Macuck declared as follows: . - 

-Trie patent specification clearly identifies an isolated mP-N'A 
■ encoding VEGF-2. For example, Example I and Figures 4 and 
5 of the patent specification teaches the isolation and detection 
■ of an mRNA species^see also the patent- specif cation at page 

- 27, lines 4 to 32.). Furthermore, the isolation of \^GF-2 
.. , ; gelomic DNA would have been a routine and straightfonvard 
task in L994 for any person of ordmar/ skill in the field of 
molecular biology given the information m the patent 
specification." (AJiVll 4.43) 

. I establish m my tirst declaratlO^ that the BaNA allegedly identified m Example I does 
aotap.eartobearealmB-KAfromtiaesenethatencodesVEGF2. (See OPRl at 
413 1 andSS.lO.) Moreover, whatever FaMA was observed in Example 1 was 

■ observed m a mixture of RaNAs that were electrophoresed on a gel. The exam.ple does 
not describe an isolation. With respect to th.e genomic DNA, I observe that the 
..nomic DNA that encodes VEGF2 encodes a protein of 419 codons, but the patent 
IppUcation only taught about 350 codons. When HGS discovered the missing 69 
codons, they filed a second patent application. 

4.53-4.5 -'-- -^ TCI 7.30-7.31 

1 . Dr. Matxick declared as follows; 

"In paragraph2.7.l8 Associate Professor Rogers states: 

"...the claims directed to' antagonists of VEGr-2 are not 
novel over pnor art disclosures of forms of the receptors 
to winch vEG-F-2 could bind, but could not signal. See 
Document D27 (disclosing a dominant negative Flk-1 
' pro tern)." ^ ' ' . 



■29 



-I can find ao evidence in document D27 which establishes that the ' 
dominant negative Flk-l procein described could bind VEGF-2. I 
observe that the dominant negative Flk-l receptor descnbed in D27 is 
created by deleting a si-gnincant poraon of the intracellular kinase 
b.ndms domain- from part of one of the Flk-l oroteins diat forms the 
receptor. Such a deletion may well inhibit binding of VT-Gf-l. Ln my 
o.mion no coaclusions can be drawn from D27 about whether a 
dommant negative FUc-l protein might ser.e as a VEGF-2 antagomst." 
■(.MMl 4.53-4.54.) 

When D. Mattick quoted my Erst declaration, his cropping changed the context 
entirely I prefaced the quoted r.mark with the statement, "Assuming ar^.endo tnat . 
VEGf'- as taught in the specification possesses any biological activity that is 
mediated th.oughcell surface receptors . . . VEGF and many other gro^^h. factors 
exert their acdvity through cell surface receptors. However, there is no evidence m _ 
,. .-h^.v^HF^ acts as a sTOWth factor for anything,. or binds any 
the opposed appUcation ihai V^Ut^ acts as a 

.receptors. That is why I prefaced my remark as I did. 

Ofcou.se Dr. Mattick can find no evidence in document D27 to establish that .^GF2 
binds Plk-1. AS I explain m the preceding paragraph, there Is no evidence even in the 
opposed application that VEGFZ binds any receptor or possesses any actmr/. 

3 ■ However, there is evidence from Dr. AUtalo's group Lhat mamre VEGF-C binds and 
exerts its activities through the receptors FU<-l/VFGFR-2 and Flt4/VEGFR-3. ( ee^ 

. r^ .nf- -0 ■.rd I raise Document D27 as pnor aa only u 
QPRi at 4.11..1.3; Docum^enti .-u ana . L.; i.^^^^^^ 

• » h^h>ve^ that VTGF2 m.olecules possess any biological •. 
HGS 's scientists continue lO beheve tnat v ^^r _ 

activities mediated through one or both of these receptors. 

3 45 Dr MattiC's observation that a signaficant poraon of the t,.osine kinase domain of 
FUc-l was deleted to create the dominant negative mutant, and suggestion that t.e 
deletion -'may well miubu.". binding of VEGF-2 is spurious. The hgand growth 
■ fa.iors of Flk-l are well loiown to bind the extracellular portion of Flk-l. and not tne 
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d. 

3.46 



.nrrac»llalar tyrosine kinase domain chat was deleted m Docuir.enf D27 (see, for 
evamcie Qnan. and Flanagan (Growth Factor. 1995;12(D:1-10); Tessler (J. 
Biol Chem 1994 Apr 29;269(l7):l2456-6l) andFuh e: ai (J. Biol. Chem. 1998 May 
I.r73(l3):l 1 197-204), which are attached hereto as E.xfaibits PAWR-6, PAWR-7 
and PAVYR-8. respectively. It has been shown that VEGF-C molecules ti-.at can bind 
. FUc-l can bind a truncated version lac long the Flk-1 tyrosine kinase- domain (see. for 
example, Document D71). 

A.TM1 4 ^5-^ AJGl 7.30 - 7.33 - ■ 

Dr Mattick andDr. Gamble declare that claim 50 is free of the prior art on the basis 
aaat the claimed antagonists must be "specific for '-VEGF-Z polypeptides. (.AJ^Il 
■ - .6- MGl 7 3 1) Taev misread the claim. Claim 50 is directed to an antagomst 
^specific for the polypeptide accordmg to ^any one of claims 28-48. I establish m my 
■ ■ first declaration that claims. 28-4,3 are not limited to VEGF-2 polypeptides,, but rather. 
. include prxor art pol-ypeptides as- well. (See OPRl at 2.7.9 and 2.7.11-2.7.1..) 
. Because claims 28-48 are r^ot restricted to VEGF2, the antagomst of claim .0 is not 
specific for VEGF2. 

3 47 Dr Mattick and Dr. Gamble misread claims 5 1-52 m the same way. (AJMl 4.57- - 
■ a ^8; AJGl 7.32-7.33) These claims are not limited to treatmg a patient with a 
VEGF-^ orotem, but rather with "a polypeptide accordmg to claim 28- or an 
antagonist thereof Claim 28 reads on the pnor art proteins and antagomsts as well as 
on VEGF-2 (see OPR-l at 2.7.9), and consequently, claims 51-52 read on uses ot tne 
pnor art proteins or antagomsts. as I explain m my tirst declaration. 

3 .8 Ln para.ranhs 4.59-4.60, Dr Mattick misreads claims 57-61 m the same way, because 
he believes that the earher claim-S to which they refer are limited to VEGF-2 subject 
matter, which they are not. (See OPRl at 2.7,2 1 .) 



e. A TCI 7.34-7.55 
3^0 to para.ranhs 7,34 - 7 35, Dr. Gamble appears to be responding .o my explananoa 

OPP.l 2.7.20) chat claim 56 eacc,npass== (he pnor ar:.. However, she orjy aodresse.. 
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one observation regarding d.e absence of working examples. She does aot dispute my 
an:^l7si3 or conclusion regarding the claim encompassing the pnor art. 

F. Important uncoQtested aspects of my first dedaruiioa. 



.50 



[n Sections A-D , above, 1 explain that the argunients m support of novelty and 
mvention provided by the KGS declarants are not persuasive because they do not 
relate to what was actually. claimed, or because they rely upon unworkable' claim 
interpretations,- or other reasons. In Section £ I address what -I beheve to be the only • 
.• • other arguments, m support of novelty and invention provided by the HGS declarants. 

3 5 1 To conclude my evaluation of the KGS evidence-in-answer as it relates to novelty and 
' invention, I beUeve it is worthwhile to identify other uncontested points of my first ; 
declarado'n. Ln particular, there are many claims that. introduce limitations not directly 
- related to VEGF2, such as limitations relating to a heterologous polypeptide (claim - 
ll); limitations relating to vectors, host cells, and methods of production (claims 22- 
97)' Umitations relatmg to use of pharmaceutical carriers (claim 53); limitations 
relating homo-dimenzation (claim 47); and limitations relating glycosylation (clami 
48). I e.xplamed in my first declaration that none of these claims/limitations confer- 
ciovelty or mvention to any claims that othemise encomp:assed the pnor an. (See, 
e.?., OPPa- at 2.7.7, 2.7.S, 2.7,10, 2.7.14, and 2.7.15.) I believe ciiat none ofthe HGS 
deVlarants have contested these opinions expressed un my first declaration. 



3 5. Manv of the oomions that I offered m my first declaration relating to the issue of 

,en aopear to have been uncontested by any HGS declarant. (See. e.g.. OPRI at 



inventive s 
3.4-3.7.) 



LACK OF F\^K tiASIS Al^u InSu rri^ix-i-^v- i 

M Ln Seccions 4 and 5 of my firs, declaration (OPRI), I explamed that the opposed 

application described an mcom-plete and aon-workmg mvention - a descnption that 
.vas nor adequate to practice the invention as claimed, and that certamly was not 
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corxunensurate m scope wUh the breadth of the claims that KGS was asiang the Patent 
Office to erant to them. For example. I explained that there were defects m the 
apphcation relating to the biological deposit ar.d the descnpuon of expenments m the 
-Examples", and that the results reported m at least one example had been discredited 

the scientific literah.ire. I explained that -VEGF2" as taught m Lhe opposed 
application, was incomplete, could not be expressed and secreted as a protein as KGS 
had instructed m the opposed apphcarion, and that there was no evidence that the- 
' incomplete VEGF2 had any of the activ.cy alleged in.the application. The limited 
. nature of HGS's contnburlon (sequencing of an (incomplete) cDNA, domg a database 
sequence companson, and domg a Northern blot mFLNA expression study) was not 
adequate to predict str^acture or Amotion of the %TGF2 protem alleged as the 
mvention. It certainly was not commensurate in scope wich the amount of . 
expenmentation needed simpW to-make the invention work. I explained that the 
orotem that the human body proc^uces in real Ufe from the -^^G.2 gene has_ a" 
strvicture vastly different from anythmg taught by HGS m the opposed apphcation, 
.and that the protein's pnnoipal Rmction m adult tissues appears to be m regulation of 
Che l.^phatic system; a function'th.at completely eluded the HGS mventors and was 
not su..ested m the patent application. (Tlie protem's strachire and function were 
elucidated by Alitalo et al., a group that has since been awarded multiple patents on 
■ their work.) I explained that many of the HGS claims were not based on the 

aoplication as it was filed, but rather., were an attem.pt to capture inventions such as 
chose of AUtalo et al. that were published dunng the pendency of the opposed 
application before the Patent Otuce, but chat owed nothing to die contnbutions 
embodied m the opposed application. 

a . L. this section of my declaration, I reply to the HGS evidence-m-answer that appears 
to relate to the issues of Lack of Fair Basis or Lnsufficiency. The declarations ofiered 
by HGS usually faiied to identiiy wiuon i3..a= u.^ v 



have attempted to reply to all such issues in a smgle section of this declaration. 

admissiolns and uncontested e.\tdence 

Al. Admissiou.3 that the inventioQ --vas incomplete. 



Ma.v of .he HGS declarants have adm.cxed for .he record that VEGF2 as taught -.n the 
paten, a.phcation .s mcox^plete. Thus the opposed appUcauon d.d not prov.ae the 
oubhc wuh a complete invention. The HGS declarants adm.t that the be.eirmxng of the 
VFGF- oobmucleotide raid pob./peptide molecules, mciuding the cn.e VTGi-2 signal 
sequent was m.s3.n. from the apphcahon as filed, and thus, that the teaching the 
appUcation thac d.e tlrst 2. of 350 ammo ac.ds represent a signal sequence, wuh 
mature' VEGF2 being 326 ammo acids, was simply incorrect. 

4.3 . 1 Dr. Mattick: ''the fact that the signal sequence information was incomplete" 

(A^n^n at 4.13.)^ 



'Dr Uattick adm«=d ,n h.s decl.r.d«n tha. "A.n important difficuUy that researchers 
f,..d .n 1.94 (and s«U face ioda.) <he process of decermimng what a new gene encodes. 
TOs .nvclves careful consrderalion and scienlrfic trainrng, and U Is noc a snnple or 
st,,„hrforvard process. Imporiandy, rhe rsolarion of aDNA sequence does not guaran.ee 
suffrcienc infom,arion to esrabUsh whether the sequence encodes a proce.n or >t ,t does, the 
nature and function of the prote.n tt .n.ght encode. Such .fot^at.on had to be determined tn 
.99. (as it ts today, by a researcher ustng sc.entrfic s^U, U,e,r expenence, thetr ^owleage 
^d often a w>de range of drfterent anal^ca, »d e.perunental tools.'' (AJ^fl a. 3.1., ^r. 
M,tttc. declared that "once a DNA sequence had been cloned, farther ma^pulauons ot 
se uence would be re.atrvely roun.e pract.ce. Moreover once a protetn sequence ad oeer 
... ,„„roubne methods available for analysing that protem. (,AJM1 at 

■identified there were many rouune nicuiov-c 

t-iPt^ ir is Lrnnorant to remember thac ihe . 
3 Id ) V/Tien reading the declarations nled by UOi, it is unpen 

„re <-r,»,rer CTE vi:r,F2 OENE. (In fact, the 

inventors tt.aX) NOT Vtl t-i-u"ci.' 111^ - 

applicants filed a second patent application, ,-nore dian a year later, when *e uiventors 
realised -hat the VEGF2 gene was incomplete.) Many of the techrnques availaole.lor 
anal'^in, DNA and protein would have been fbaitless if applied to VEOF2 taught ,n the 
opposed application, because VtGF2 was incomplete. ■ 
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4.4 



. 3 . Dr Gamble: '-I noce t.at a portion of .he ^11 leng.^ VBGF-2 seouence, 

which IS not disclosed m the patent specification, is par. o i .he 
NH2 (aiTuno) temiinal end of the mil- length. pol:/pep tide 
sequence. This equates to 69 ammo acids .... [The V t GF-2 
■ ^ 3,^all sequence IS located among Che 69 ammo acvds that were 

not disclosed m the patent specification." (AJGl at 6.4.) 

. 3 3 . - Dr. Ha^r^ard: "Tn, patent specification discloses 3 50 ammo acids of the 

VEGF-2 sequence whereas it has subsequently been 
„ determined that VEGF -2 has 419 amino acids.. The missing 

ammo acid sequence is no.w known to contam the signal : 
; sequence that directs. secretion of VEGF-2 from the cell." 
■ (ANHl at 3.13.) 

,3, Dr.Rapopo.:lTlhe3;0ammoacidfbimofVBGF2,co^^^ ■ 

acid residues 70 to 419 of the 419 fomi of V^GF.. (ATRl ac 
■ 8). . 

of the HGS declarant. .ie„ d,vo. subs.ao.a. ..a.ria, to .<p.a.„..5 .»a, 
. would .av= even^aUy e..pen:.en«d sufficen.ly lo .a., al.mat, ™lecul« ,e.s ^ 
fo.,^ s.^a. se,ue.ces a«ac.=d Co .Uh« a 3.0 a:nlno acd VBGF2 o. a , an,,no. 
aod VEGF2) that the opposed appUcaao.s>mplyfa«s CO teach. Saon 

w h^-irhin^s of fhe aoplication, which is limitea to 
expenmentadon is beyond the teachings o . -n . f 

relatively straight- forward partial clonmg and sequencmg work.. 

; In fact, a stnkmgly large percentage of the evidence-m-ans.ver is devoted to 

• . discussions of experiments that the declarants might hav. thought to have per.on..ea 

back m 199^. if provided with the teachings of the opposed patent -^^^^^^^ 

w .r us^ the VEGF2 mvention. I have tned to catalogue some o. 

order to trv to make or us. ttie v cur 

the n.utne.ous paragraphs cn the evcden=e-,n-aP.swer devoted to 
. ,.„.,_entat,on^. to demonstrate US tna-^nade. (See E.hihit t. thts 

de laratton.) The e.tenstve e..pe...ntat.:on that HGS's e.pens .outo have ,,e..ed. 



to perfo\-m validates my previous declaration setting forth chat the opposed applicatibn 
lacks a disclosure adequate to place the public in possession of what is claimed as the 
invention. The large quanCicy of ex.penmentation suggested, which the declarants for 
the most pan have aot actually perfocmed to see if it would work, would not be 
needed at all if the invention woriced in the marmer descnbed in the opposed 
application. I discuss some of Lhe details of the proposed experanents ninher below. 

Especially noteworthy is Lhe large' amount of experimentation devoted to tlgunng out 
■ that the application was wrong, and how to correct it. I explain in detail below that, 
even'if all of tiie. experimentation would have evenaially resulted in a working 
invention, it would no longer be the invention of the opposed appUcation. Tne 
expenmentation suggested by HGS's declarations proceeds m a different direction.. 

A.2 Admission that VEGF2 is too distantly related to prior art molecules to 
reliably predict structure of function. 

The opposed application is devoid of any evidence of VEGF2 activity. Instead, it 
predicts that Vb.GF2 will have the activities that others had shown for VEGF or for 
the PDGF's. In my first declaration I carefully explained Lhat 22-30% amino acid 
identity beDveen proteins would not have been considered suincient to predict 
biological activity, and gave many examples. (See OPRl at 4.6.3 - 4.6.5.) None of 
HGS^s declarants explicitly disagreed with this position. Ln a statement that could be 
construed as partial agreem.ent, Dr. Ka^/^^•ard declared ^that there is not sufficient 
sequence identity between VEGF-2 and PDGF, VEGF and PIGF (as is clearly 
demonstrated in Fi-ure 2) for these molecules to be considered denvatives of VEGF- 
2." (.^NFIl at 3.S; see also AMKl at 4. 11 ("lack of detectable homology")- • 

L- fact D:- Gamble characte-nzes the hnmoiogies at the amino acid level between 
VEGF. PDGFa, PDGFp. and VEGF-2 as very low, with significant differences 
between the molecules, and very few stretches of sigmficant contiguous ammo acid 

sequences: 
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men regard is had to the mfomiaTion provided in the 
patent specification one observes that the hocnologieG at 
the amino acid level berween VtGF, PDGFa, FDGFo 
and VEGF-2 are very low. The idenuty becvvesn 
■ • VEGF-2 and each of VEGF, PDGFa, POGFb is .30%. 
23% and 22% respectively (see page 5 of the patent 
■ ■ spedfication). Further, tliere are ver/ few contiguous 
sequences of amino acids that are identical between 
VEGF-2 and each of VEGF, PDGFa or PDGFd (see 
: . Figure 2 of thepatent specification) In fact, Lhe largest 
single contiguous sequence of ammo acids is only seven 
amino acids m length and is found in the -signature , ■ 
motif which is identified by a box m Figure 2. After 
that stretch of residues there 13 one other stretch of SIX . 
contiguous- amino acids but no other significant ... 
contiguous amino -acid sequences that share identity 
between VEGF-2 and VEGF, PDGFa or PDGFb. Thus. 
■ at the pnmary ammo acid level there are significant 
differences between VEGF-2 and VEGF. PDGFa or 
PDGFb. (AJGl 7.13.) 

. 9 I believe her characterization supports mcely the.point that I made m my first 

declaration, that the low similarity and significant differences ber.een VEGF2 ar.a 
VEGF or the PDGF^s would not permit reliable predicdon of structure or tunction. 
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S^mla^lv. Dr. Havward says that ^'there is not sufficient sequence identity be..een 
VEGF-2 and PDGF, VEGF and PIGF (as is clearly dem.onstrated m Fig^are 2) ror ^ 
these molecules to be considered denvatives of VEGF-2.- I mteiprct his statement to 
■ be an agreement that 22-30';/o sequence idenuty is coo low for a person to have 
concluded, that pcotems would share the same f -nction. . 
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Ml Ln V first declarauon I exp laxned that the examples m the appUcation contained 
e^ov3 and OTn:ss.ons. (See. e.g., OPRl ac 4.13-4.13.5.) My analyses esseaually 
urcoacested bv the HGS declarants. Iii some instances, KGS's declarants conix... 
,ha: there are e.ors and ortx.ss.ons. (See. e.g., 4.27; MMl 4.90-4.92.) . 

B ' MERE. CAT.^OCUL^-G IS ^^0T EVIDENCE DOES NOT .4.-fSWE.R MY- 
INITL^ CRITICISMS OF THE OPPOSED APPLICATIOiNS - 

. 1. S.^.ficant oort^ons of the'ev.den,e.n-answer are devoted to hxghhghtmg the many 
.^neral molecular bxolopcal techniques allegedly taught in the opposed apphcat:on. 

^ ^ AJMl at 3.12-3.19; 3.29. 3..3 1 . 4.71; and 4.83; AJG 6.8-6.3.1 1; AaxPril at 
, 6 3 U n )■ I acknowledged in my first declaration Lhar the HGS application 
conf^ms such -'stock" teachmgs that HGS apparently chooses- to mclude m many of its 
. molecular biology patent apphc.dons, irtespecuve of ehe mventors and .rrespectrve o. 
■ chemvent.oadescnbedandcla.med. (OPRl at4.6.2,l.) I also set ibrth m detail 
manv sPecUlc deficiencies of the opposed application which are not cured by 
...u^/cation of standard molecular biological techniques. I mamtain my opinion thac 
the invitation m the opposed application to conduct further expenmentatiou using 
standard molecular biological techniques does not cure che failure to adequately 
de.cnbe the VEGF2 mvention m a mar^^er commensurate with which HG. has 
attempted to claim it." No matter how much attentioa HGS draws to us stock 
teachm^^-s they remam nothmg more than an .nvuano. Co expenmenc and noc a . 
te-^chm. of a complete VEGF2 invention. Ttie amounc of experimentation that hU. 
has l.ft for the Australian pubUc to perform m order to determine the tr.ie strucnare of 
tl-.e VEGF- ^ene and protem, a workmg method of expressing and secretmg the 
■ protein and^a oroper identification of its biolog-.cal activities vastly outvveighs the 
. ^ amount of exp.nm.entation that HGS conducted before it filed its appUcatioa on the 
mcomplete VEGF2 gene. The expenmentacion is uoc merely routme work to make 
the invention work m the manner taught by the application. Rather, it is 
>.=.nmentatioa to discover somethmg that is not described m th, application, and 



how CO make it work. 
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, S.^ificant pomons of che evxdeace-.n- answer are devoted to repetu.ion of vanous 
p,rdKt.on3 m the patent application that are unsupported m the apphcax.cn by 
• scenti nc evidence, or evera by a sound basxs for prediction. I have atterr.pced to 
catalo.^ue some of these portions of the ev.dence.n-answer m Exhibit PA3VI^-10 to 
this declaration: I acKnowledgea in my firs, declaration that the FIGS apphcation 
contains such predictions. (OPRl at 2.3.3 and 4.6.5.) I also se. fonh m detail. -d-.at. . 
eh..e were nothing more than predictions, lacL^ng any apparent basis in scientinc - . 
'...e^i^ents (OPRl at4.6.3.l and 4.6.3.) I also set forth in detail thac, there was no 
accented scientific basis for the predictions. (OPP-1 at 4.6.3.1 and 4.6.i.) i .e 
evidence-in-oop.sition also included scientific evidence that many of Lhe predictions 
were simnlv wrong. '(OPRl at 4.6.4 and 4.6:>.) Tne many specific deficiencies ot the 
opposed Lplication are not cired by regurgitation of the inventors" predictions in th.e 
evidenc-inlanswer, without cntical evaluation of whether they have basis in fact. I 
maintain mv op.mion that the invitation in the opposed apphcation to conduct further^ 
experimentation to determine how to m^alce and use the invention, by seeing which (u 
anv) oredictions were correct does not cure the failure to adequately descnbe the 
. VBGF2 invention in a manner commensurate with which KGS has attempted to claim 

C THE LARGE BODY OF EXPERIME^(TAT10N EMBODIED IN THE HGS 
EVTDENCE CONCLUSIVELY PROVES THAT THE OPPOSED 
APPLICATION WAS INCOMPLETE AND INADEQUATE. 

. 1. In this section I explain m greater detail that much of HGS's evidence -m-answer 

a...a.lv suppon.3 Ludwig Institute's opposition by confirming that the invention does 
not wor'< as .aud.t, and demonstrating that substantial experimentation and uigenuity 
would have been required to matte .he invention work. In many cases, th.e proposea 
■ exnenments would have required mgenuuy co coaLravene plain teachings m the 

^rr^^nMllv (Vt-m-'iniTT^ that the invention does not work as 
aDolication. arter expenmentaUv (.et-m.inx„= 

.au.hr In other cases, the ingenuity was of sufficient character that at least HGS 
believed that it warranted the filmg of additional patent applications. In other cases, 
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4.1:> 



Che m,enuuy was of sufficient characcer that other p-anies tiled and were awarded 
patents on the work. 

CI. ExperimentatioQ f^e.ded to Make yEGF2 Poiypeptides 

I have reviewed the two declarations of Professor AJhalo where he peribrmed 
conr.olied e.penments to determme whether the approximately 350 arrano acid 
- VEGF2 taught m the opposed appUcation can be expressed and secreted as a mature 
VFGF2 in the maimer tauglit by the- apphcation.- 

. 16 It my ooumon. Professor Ahtalo's expenments were designed as an accurate 
• reflection of what the patent appUcation teaches to scientists m the field or the 
invention The a.plicatinn teaches- that the approx.rniately 3 50 ammo acid VEGF2 
compnses" a leader (signal) sequence of approximately 24 ammo acids Lhat would 
direct secretion of a mature VEGF2 of about 326 amino acids. Dr. Aiitalo's 
expenments were designed to see if the encodmg cDNA could be expressed and 
secreted as taught m the opposed appUcation. 

. 17 Dr AUtaio's experimental results demonstrate that VEGF2 is not expressed and - 
secr^tPd as taught m the application. The design of the expenments was souna, and 
the results are clear. Kmowmg what we now know in year 2001 about VFGF2, an 
obvious explanation for the lack of expression is that the construct m the patent 
application lacks a si.gnal peptide. Pae opposed appUcation teaches an mco.ect ana 
nonfunctional signal peptide. It is not clear to me whether this error was ever brought 
.0 the Patent Ofnce^s attention before the opposition proceedmg msticuted by Ludwig 
Institute. 

IS In fe- I tlunk the d==Uraoon3 tilea by HQS r=u=>:t ailent r=cogr.iti=r. '.ha 

a.oUcluon wa. con^plecely w™ng abo.u VBGF2, because the HGS declarants admU 

the true s.gnal pepude is m.s3.Bg. and Chen d.scuss alterr-auve .vays of expressing 
VEGF2 that are NOT taught in the application. 
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10 For example. Dr. Mattick admits -the fact, that the signal sequence mfoimadon was 
' ^ mcomplete'' at.para-^aph 4.13. In fact, he begins h.s detailed explanation of how he 
^,.ht have successfully expressed VEGF2 M che assumption thai anauemp, to 

Che VEGF2 protein using the piuanve secretion signal sequence identified in 
2 patent specijiccuion ^ould not work. (.See .^JMl 4.5, and ensumg discussion in 
para-aphs 4.6-4.13-; see also AJMl 4.76-4.78.) In the ensuing discussion, Dr. 
Matrlc^- ^oes on to explain how he would have deduced rrom the opposed applkacion 
to express an approximately 373 amino acid VEGF2 sequence using a heterologous 
.xo^al oeptide (AJMl 4.7-4.S), even though he acknowledges m the ver/ next 
paragraph that the applicadon teaches only to attach a heterologous signal to -'the 
mature sequence." (AJMl 4.9) 

.0- The 373 amino acid construct that Dr. Matiick says that he would eventually have 

• n.ade IS not-descnbed m the application at all. The application actually only teaches 
an aoproximatelv 3 50 ammo acid full length VBGFI and mature VEGF2 of 316 
amino acids. Viewed in the manner most chantable to HGS. Dr. Mattick has said ■ 
that after determaning (or being told) that the mvention descnbed in the patent 

• aoplication does not work, he might have been able to des.gr. some expenmencs to ; 
n^ake an embodiment that is not descnbed anv^vhere in the application, but that he 
thirJ.3 could work. ."Vnd there is no indication that he has performed these 
expenments to see if they really do work. 

.01 Dr Gamble makes the same admission as Dr. Mattick that the VEGF2 invention is 
incomplete: 'T note that a portion of the .^11 length VEGF-2 sequence, which is not 
disclosed in the patent speciilcation, is part, of the KH2 (ammo) tennmal end ot the ^ 
...11 length polvT^eptide sequence. Tnis equates to 69 ammo acids .... [Tae Vnur,_ 
signal] sequence is located among riie 59 ammo acids that were not disclosed in ^the 

■r- .-^^ - V i rr-1 ir 6 i ) Like Dr. Mattick, Dr. Gaiiible asoUciLes i,wiL- 
oatenr specification. (AJui at o. i-n^- 

hin.^si^.ht) that she would have had Icnowledge of thus defect.in the patent applicanon, 
and exolams that "Tne mere tact that the sequence disclosed m the patent application 
■ does r^ot mclude the rirst 69 ammo acids of the aUl-length VEGF-l sequence would 
not d.ssuade me from attempting to exP.ess the sequence disclosed m the patent 
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specficadonwuh a h«e™l03Ou3 S.gna! sequence." (.^Gl at6.i.) Thus, Dn Gamble 
. aopaientiv woold have tned to attach a heterologous signal sequence to the 

approximately 3 30 amino ao.ds of VEGF2 disclosed in the patent application. Dr. 
Ha'.,-.vard says he would have used a similar approach. (.See ^.NHI at 4.20.) 

. - Dr Har,vard-s declarationoi how he would have made VEGF2 polypeptides ,s 
redundant to the Gamble and Matriclc declarations. Dr. Hayv,ard, like Dr. Mattick 
and Dr' Gambte. admits that the VEGF2 taught in the patent application ,s 

.ncomplete. missing a large portion of the amino terminus which -is now Icnown to 
contain the si^ial sequence . . (.WHl 3.13.) Like Dr. Mattick, he says that he 
would have read the application a. providing 373 amino acids, even though it 
. explicitly states that VEGF2 13 only.350, (ANHl a. 3.14.) Like Dr. Gamble, hesays 
ahat he would have experimented and eventually attempted to express th.e 3 50 amino 
acids with a heterologous stgnal.equence, even ttiough the application taught dia, the 
-,.0 amino acids already contained a signal sequence. (AMW at 3.20-3.26) Like Dr. 
Mattick he savs that iTthe 350 amino acid VEGF2 as taugh.l m the patent apphcation 
could no. be expressed and secreted, ,±M- he would have be^an expenmentmg to 
attempttofigureoutwhatwaswrong. C.AlNHl at 3.17) 

a .3 Dr Rapooon provides a similar, redundant explanation. He says that all secreted 

proteins have ea^ly recogmzable si,=ial sequences (ATR. at 4-6), but does not see 

such asequence in VEGF2 of the application. (ATRlat ,0.) Instead of concluding^ 

that VFGF2 is not secreted, he says he would have had great confidence that VI Gr . 

was secreted, and would therefore have attached a "stronr foreign signal sequence to 

. , rr-r^T ( .xTTl] at P ) Ke declares that "this approaca is 
3 50 ammo acid V cLrr^. (ALr^i cii- I-.; 

soec.callv .auehc in the HQS patent spectncat.on- at page 14. but . act. Mothmg 

the oooosed 'appUcat.on would ta.ly be read to teach attaching a heterologous 
s-;.^al seauence to the poaion of VEGF2 that was tdenciiled ui the application as a 
siinal sequence. Such signal peptide redundancy makes no sense when 
recotnbmantly expressing polypeptides. 



.24 The .xpenmentacion suggested by all of these declarants is not taugh: or even 
suggested by the opposed patent applicaiion, but rather is dnven by hindsight 
Icn^vledge of information published after the opposed application was filed. (See , 
discussion below (subpart D) at paragraphs 4.5 5-4.66, repeated here by reference.) 

.25 Before, leaving the topic of the VEGF2 expression expenments suggested by Drs. 
Mattick, Gamble, Ha^Avard and Rappapon/L believe It is imponant to re-emphasize 
"that they do not even attenipt to reproduce the invention described In the opposed 
■application. In fact, it is iromc that the tour experts would read an application that 
tausht mature VEGF2 is 326 ammo acids, and then be motivated to malce a constrict 
compnsmg a foreign signal peptide attached to V-EGF2 of 350 or 373" ammo acids. 
The results of such expenments should have no bearing on the adequacy of the ■ 
ooposed apphcation s teachings, because they are neither disclosed nor suggested m 
the opposed application: As I explain above, the approaches suggested by all of the 
HGS declarants reflect an unspoken admission Lhat the invention does not work as 
taught in.the opposed application. V/Taether or not the HGS declarants approve of 
■ Pro'fessor Mtalo's expenments described m his f.vo declarations, they seem to 
recognize that his results are accurate, because they have abandoned the teachings of 
the appUcation and are now advocating expression strategies that are not m the . 
application. 
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Df Mattick, Dr. G-amble. Dr. Hay^vard and Dr. Rapoport ail cite U.S. Patent No. 
6,130,071. issued to Alitalo et al., as ev^.dence that VEGF2 could be produced usmg 
the expenmental approaches he has outlined m his declaration. (See AJMl 4.12; 
AJGi 6.5; A_NTI1 4.20; and- ATRl at 13)^ Ln my opinion, the AU.alo patent only 
serves as evidence that all of the extra work that the HGS declarants are descnbmg is 
u:veim.e .vork by another, and not routme work that should be credited to the 

'jn^ T obsen-^e m rhe ^T..eferences Cited" pomon of che 



J I ; ^ rs 



^Dr. P^apoport also reUes on Dr. Alitaio's published jouir.al articles, relatmg to VtGf ■ 
C. (i-esf, ATPJ. at 13-15). • 
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relevant patent the citation of Documents D43, U.S. Patent Nos. 5,932M0, 5.935,820 
(Documents D92 aad Exhibit PaWR-II respectively), and L-itemational Publication 
No. VvO 95/24473 CExfaibit PAWR-12), all of which are related m some manner to 
the opposed application. In fact, Vv 0 95/24473 appears, to be identical to tlie opposed 
application. Ludvvig Lnstimte's actomeys have explained to me that, because these 
documients are listed in the -'references cited" section, the documents were considered 
by the U.S. examiner when decidmg to issue U.S. Patent No. 6,130,071. Tne fact that 
a U.S. patent exam^mer considered the invention of 6,130,071, filed m 1997, to be 
patentable after considering the contents of the opposed application (in the 
aforementioned--documents), suggests to me that the work descnbed in that patent. is 
inventive work of others, and owes Uttle or nothing to the teachings of the opposed 
application. Patented work of others can not reflect the effons of routine 
ex-oerimentation. • . .. - ■ 
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, Moreover, it is not clear to me how the content of U.S Patent No. 6,1 30,07V could be 
arsued to sunport the adequacy of the disclosure of the opposed application in any way. 
.- The biologically active VEGF-C fomis descnbed m the -6.1 30,071 patent are NOT the . 
350 or 326 ammo acid fonns of VEGF2 taught m the opposed appUcation. (Dr. Gamble 
represented tojhe Patent Office that they were m .MGl 6.5) Nor are they the 373 am.mo 
acid form that Dr. iMaaick and Dr. Harvard believe they would have thought to create 
after reading the opposed application. Nor are activities such as Flt4 receptor stimulation 
or b./mphatic endothelial cell growth factor of the A.hcalo patent attnbutable to the 
opposed application. Dr. Rapoport premised his analysis -on the "understanding that 
VEGF-2 and VEGF-C are tenns used to refer to the same molecule." ■ (ATRl atj3). Ac 
least m the context of uhe present application, which taught an mcomplete VEGF-2, and 
mistaught the mature molecule, this premise is clearly incorrect. (See paragraphs 2.13- 
2.16, above). 



d 78 . Also, it should be emphasized that Dr. Alitaio.'s rese-arch group had identified the full 
■ length 419 ammo acid prepro-vTGF-C and had charactenzed its'biological activities 
at the time that they filed their 1997 patent application and published their 1597 
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pa^er The notion that this work should be created to the opposed applicator., wmch 
taugh. an incomplece protem tha: is act expressed and secreted and that has never 
been reported in the literature to have any activity, is unacceptable. 

Dr. Mattick declares that the VEGF2 sequence provided in the patent apphcation 
"would have ailowed me and I beheve any person of ordinary skill m the field'of 
^^olecular biolo..v m 1994 to des.gn specific strate.gies to obcam any polynucleotide 
sequence (ie.DNA,a^^NA or cDNA) enco,dingVEGF-2." (AJMl at 3.34) Dr. 
Ha.^r.ard makes a similar declaration. (.^NHlat 3.26 and 4.18.) Of course, 

■ ^'desi-rn. strategies" is merely designing experiments for .Sanher research, and no . 

. aunr^ntee of results. ' It is only necessary because the mvention does not work the way 
^diat HGS taudit m the opposed application. VVl.en HGS eventually isolated a aill- 
len-th VEGF2 sequence oF4i9 amino acids, they thought the new result was . 
si^ificant enoueh to file a brand new senes of patent appUcations. [See Documents 
dI4-46 and discussion at OPRl paragraphs 1.5.1.1-1.5.3.] If Dr. Mattick and Dr. 
Havvvard think that "an/' VEGF2 polynucleotide sequence was withm routme reach 
■ ■ by 1 person of ordinary skill, they are disagreemg with the mventiveness in HGS s . 
second senes of VEGF2 patent applications- 

. 30 ^ Dr Mattick and Dr. Ha-y.vard also declare .±.at the patent apphcation's teachmgs 

regarding VEGF2 were sufficient to identity and isolate VEGF2 from other species. 

■ ^See AJMl 4,93-4.94; .^Nlil at 4.19.) The fact is, the teachings reg:ardmg VEGir2 
are not even sufficient to provide the public with complete human V.GF2. (See . 
OPRl at e<^ 1 5 1. 1 and 4,1 1-4. 1 1 .1 .3.) Wien HGS eventually discovered full 
length humin VEGF2, they -believed that the discovery was of sufficient magnitude to 
w^ant another series of patent applications. (See Documents D44-D46.) U would 
have been a much greater leap from incom.plete human VEGF2 to com.plete VEGF2 

from other animals. Thus, I cannot agree wuii ,ur. ivia.u... ...^ - 

evaluation. 

C2. Experimentation Regarding VEGF2 Biological Activity 
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The precedm. oa.a^aphs c=la.= to all ot tt« «perun=nta„c» toe KGS 
toou^^ us evWence in ans-.er was a=cessar/ simply :o .xpvess V t^r2 

poW-oeprtdes ' Tna-. . only pan of Che =.penmen.a.ioa that wooltl have been neeae. 
to pnctics the VEGF: invention, because pol^^P W« .t>e. are aot necessanly 
„,efial for an^nhin. tnore than a curios-.t:, for forther researeh.. It ts equally clear fom 
cb'e ev,deace'in answer that Sarrher expenaentatron »as needed to fifare ou, exactly 
what ■-■EGF^ b.olo^cal actrvuy ts. I oragmally d-lscussed inadequaces ot the 
. ■ .eacmn^s of the op;osed application wrth respect to VKF2 btolo.ca, acuvrty tn 
OFRl at2J,2, 2.7.4, 3.4.2. 4.6, -^.l-^.S, 4.S, 3.4, 5.^, and..v9. 

. „ Dr Mattrclc drscusses V1GF2 b.ologtcal act.vtty at. e.,g., .4,JM1 4, 14-4,24. Dr. ^ 
■ ' Gamble d.scusses VFC-f2btclogrca,ac.rvity at, e.g.,.JGl 5.14-5.2., 6.7, 7.S-M , 
7.15-T.18; and 7.2S-7.29, Dr. Hayv,.ard d.scusses btoloscal acav.t;,- at, =..., /-aNHl 

3.6, 3'-27 -3-36, and 4.3-4.10. , 

.33 in para^aph 4.15, Dr. Martrc. selects O^T. PASS..GE of the opposed ^PP""-" 
' ' relatrn:to .„ ...» expanston of vascular endotheUal cells and says that ne would ha. 

understood fron. it that an e.xpected activity of VEGF.2 is to promote .^ow, o. 

vascular endotheUal cells in culture. In para^aph 4.V6 Dr. Mathc. says that, nao 

^.^.^H VFGF- Drotein usms other assays relevant tor 
wanted to e.xamine a secreted V hUt - pro r,.ri 
act,v,t,es soecmed m the patent specificat.on (see below) I woula have .denfated^ 
someone workmg tn the vascular biolo.y or endothehal b.olo.y Beld and I would 
■ live aslced them for advtce about the types of an.o.emc assays that were avauaole ,n 
■ 1994 ^d how to set up the assays, or I would have as.ed whether they wou d „e 

• , r-— irch bv r.esuna the orotein tnat I had 
orepared to collaborate wUh me m oiy r^o.arch by ..otm„ 

., ■ •i.-iv.^e'-^stestin- for endothelial ceil srcvthanCor 
produced." Dr. Gamble simila.l/ sUe.... te.an, 
■ ... ,-.rGi M4-5-^'^ 6.7,7.S-7.ll,7.15-/.lS,and/.^8-/.-9.) Lr. 

Ha-./^.ard selects these D-vo Actions and a tew outers. . .. 



u r t-r^' - --ne-T-^ won Id raake are ciot the one 
'AM, :as-I explain, the polypeptides that HG-S . ..-?«^^- -^-'-^^ 

caught in the opposed application. 
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3.29.) Dr. Mamck says he could have used an endothelial growth activity to veniy 
the production oF VEGF2. Dr. Gamble says -she could have tested VEOT2 activity 
with such an assay. Dr. Ha-./^vard says the testing would have been routine. Hind , 

several ilaws in their analysis. 

FlhroSIGHT. As I explain m detail m my firs: declaration, endothelial cell .growth Is 

one of a hu.2e number of alleged uses for VtGF2 m the opposed application. 
Ao^bnns the reasoning of .the HGS declarants, each one of the uses could have given 
- . nse to a aumber of activicy assays. The KGS declarants apparently selected 
■ endothelial cell -culturing because they (e.g.. Dr. Mattick and Dr. Gamble) believe that 
• - HGS's subsequent work (...^.. embodied m the HGSIIapplicacion, Documents D^4- . 

D46) shows that this is a valid activity.^' Even if endothelial cell growth were a true 
activHv of VEGP2, there Is nothing m the opposed application provmg Lhat . 
endotlieUal cell culture is a good. selection, as opposed to, e.g., a bone growth assay, a 
Ugament growth assay, a cementum growth assay, or a collagen gr.owth assay, just to 
name a few. (See opposed application at p. 1 7, first paragraph.) 

4.3 5 Dr. Mattick alleges that VEGF2 activity for promotmg growth of endotheUal cells m • 

culture has been validated; 

■ "I note .that such an activity has subsequently been 
shown to be somethmgpossessedby VEGF-2. I refer 
to KGS Patent Application 60467/96 (7 14..4S4), which 
shows that VEGF-2 e.xhibits proliferative effects on 
vascular endothelial cells (see page 42, line 32 to page 
43 line 25 and Figures S and 9) . " (AJ^C 1^.15) 

4.36 Dr. Mattick should have, but failed to, qualify this remark by explammg that the . 
VEGF2 purportedly tested in Hub s i-ex-,y«a v cvjr ^ .uy...-^--.w.. 
F£Gr 2 than the VEGF2 that HGS taught m the opposed application. V/hile Dr. 

application and are not intotmative aboui dv. ac.v u, - v _ _ , . . . 

proceedin'2. S'-e paragraph 4..36. " . • 



Martick may noc think' that this diiierence is significant, it appears to me that KGS felt 
. that It was significant enough to warranty fiimg a second VT,GF2 patent applicauon. 
Drawin:^ a conclusion about 326 ammo acid niarare VEGF2 taught in the opposed 
application based on data denved from what was allegedly an approximately 374 
amino acid VEGF2 is precisely the type of scientific reasomng that HGS^s declarants 
(e.-.. Dr. Gamble) would rebuke as highly speculative. The excerpts cued by Dr. 
iVLattick do aoi permit the conclusion that VTGP2 caughc en the opposed applicauon is 
useful for endothehal cell culture. 

,37 Dr. Mattick and.Dr. G-amble cite no evidence whatsoever concemmg the vahdation of 



an angiogenesis assa) 



./ for the VEGr2 caught m the opposed application. 



.38 nie only alleged scientitlc evidence of VEGF2 biological activir/ cited by Dr. 
Mattick, Dr. Gamble, or Dr. Hay,,vard is m Example 1 of the application: 



4.38.1 Dr. Mattick: "Further the patent specification provides in Example 1 . 

Nortiiem Blot data (see figure 4) shovving that VEGF-2 is over- ■ 
expressed m breast cancer cell lines. This result indicates to 
me chat VEGF-2 is biologically active in tumours." (AJMl at 
•4.18.) 

4.35.2 Dr. Gamble: . . confirmation that the VEGF-2 sequence described m the 

■ specification is expressed m vivo, and therefore likely to 

indicate a biological activity, is provided in the Examples of the 
STjecification where it is shown by Northern blotting that a 
numxber of malignant breast tumour cell lines over express 
VEGF-2. The over expression of VEGF-2 in breast cancer cell 

UneS WIUIC aOaciu m a iiuniiiii '-i^- — i-t 

• - VEGF-2 in tumor developm^ent perhaps by promoting the ■ 
srowTh of new blood vessels, as vvas observed for VEGF. 
(AJGl 7.17. See also AJGl ".23 - 7.29) 
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. 33 3 Dr Kar^vard: "In Example I in the patent specitlcation the inveraors 

demonstrate that VEGF-2 is over expressed in w/o m a number ' 
. of malignant breast mmour-cell Unes. This result is, I beiieve, . 
indicative of VTGF-2 biological activity. It suggests to me that 
V"EGF-2 plays a role m tum-our development possibly by 
promioting new blood vessel growth similar to VEGF." 
Additionally, it is apparent to me from reading the patent 
- ' specification as I believe it would be to others m my field that 

■ vEGF-2 IS a growth factor that IS related to VEGF and IS likely 
: to play arolemthere-gulation of endothelial cell mkogenesis/' 

(.ANHl .at4.6) 

,.38.4 •n,=re are several problems wUh Dr. Mamck, Dr Gar..ble, and Dr. Hay..vard-s 

conclusions. - . 

r.^uLTY ET<PEflBvtENT. I explain in deta,, m my firs, declarat.oa that the we.gh, 
of published scenafic expenmer,t. indicate that the gene that encodes VEGF2 
produces an W^ message substant.ally bigger than 1.6 Kd. the s.ze reported m 
E.ample.1, (See OPR at 4.13,1..) It ,s not clear to me that Example 1 evenoontams 

valid data. ■ ^ ■ ■ 

. 40 VV-H AT IS THE VEGF2? Even if VEGF2 is active m tum.ors, Example 1 fails to 
• address the question of what VEGF2 molecule we are taikmg about, the VEur. 

caueht m th. opposed appUcation is incomplete, and I have never.seen any publishea 
evfdence that riie incomplete VEGF2 is expressed an^'or secreted m an.y human cells 
(.ealthv or cancerous). Dr. Alitalo's .vo declarations provide expenmental evidence 
■ that VEGF2 as taught m Lhe opposed application is not expressed and secretea .y ^ 
c^lls Dr AUtalo's oublished body.of work reiatmg to VEGF-C indicates that 
niolecules ver/ dinerent from VEGF2 (as taught m the opposed application) are 
expressed . v;vo. (See. e.g., Docume.ots D71-D74.) Just because something mi.ght 
be haonenme with VEGF2 m famors does act mean that the incomplete VEGr_ 
tau.^ht in the patent is involved. To the extent chat a VEGF2-Uk. molecule is . 



„.o.v=c ,n b«-t cancer, .he molecule „.,ght be .he ana.no aci VEG.. .h. -as 
a. subjec. of HGS's second VEGF2 p.ten. appl.cauon, or .he VEGF-C pro.e.n. .na. 
w^re .he s.b,ec. ofProfessor AU^alo'. pa.ea. KUngs, A Nonhem hybnd,.a..on sruay, 
,f oerformed correc.ly, would no. .ndica.e to a s=ren,.s. wha. pro.e..n fo^s are 



present. 



IS THE ACTIVITY^ I shaU assume in .h.s paragraph .na. Dr, Ma^c. Dr. 
Oa^ble, andOr, Hazard are corxec. .nconc.ud.ng fron, Example . .ha. VEGF. ,s 
.iolo^callv acfve ,n .umors. Unfor,una.ely, a s=,en.is. canno. say nom a s,mple 
NorJem hvbn4.za..on expenmen. w..r .... a.nv,.y .«„.«,v A correcoy nan 
nLhe^ hybr-:dr.a..on srud. .e.Is a sc,en..s. whe.er a par..cular .NA ,s presen. . a 
..^p.e, and possrbly how.naucK of .ha. P.«A .s presen. in .he sanap.e. . ..ho« 
aar-drer e.penmen.a..on, one canno. '.now whether .he .umors are secre.u.g V.C,. 
. ^owd, facor for «mor ceUs (au.ocnne grow* fac.or), or secrehng VE... . 
■ .r;rb,.mrrhergrowd,of.umorcel,s,ors=cre.ingVEGF2.osr.mu,a.eor.nhrb, 

' VTGFT .0 kill nearbvheaUhy cells .0 

„ow,hofsonieo.her..ssue.ype.orsecre..ngVEG.-.olaL 

;a.e room for U.mor gro.«h. or secre..ng VEGF2 .o rec™. some o.her ce 1 ^e 
*e .umor, or secre.mg VEGF2 .0 InhM. unmune cells such as ..mor ..f.l.ra.,n, 
,,:„phoc,es from a.raCmg *e .umor. or any of a my.ad of od.er ac..,,«es^ Tn 
sc,en...1c reahr. ,s .ha. a Hor*en> bio. srudy orov.des only mdrrec. evrdenc. .ha. a 
cell m.»h.be makung a pa..oular pro.ein. I. provides no evdence whatsoever as .0 
..vha. ac'dv..,, tf any, .he protetn .s havmg. To parap^ase Dr, Gamble, any 
odnoluston about VEGF2 ao.tvUy 6om a Mordtem hybnd,.atron ^^-^ 
..pure speculahon" and .'canno. reasonably be draw.,- Thus d.e example grv.n m 
apphcation does not support the claimed acivny, 

,„h, 19-i Dr iylattiok does nothmg more than catalogue .iie 
ii In remamma paragrapni » l^-^ - i^t- " ^ 
uses alleged for VEGF2 .n tie opposed apphcadon, m n,y Krst dec.araf.or. . 
usei aiie--u , . . ,,_q„ -.vhich .hese s.a.emeats 

expla,ned .n .ietatl .ha. .here rs no sound scent..,, oasts upon . 

were based or would be .nasted by a practrfoner ,n thts - 
. a . artd 4,6,», and I repeat those e.planattons here by reference, .-.s I e.-pUtn 

n para..aph 4,13, repeated hereby reference, .he catalogmg of the actrv.nes m 
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a deHaraUon does not make them more believable - ti.ere snil ao ..ndence 
suBCorrm. them. This precisely the sc.eat.fic double standard that KGS >s aslcng . 
the pubUc to accept m this proceeding. (See. paragraphs 2.2-2.7 above, repeated here 

bv reference.) 

.^nvll Paragraph 4.23 provides a good example of the double standard: 
'-On page 24 (lines 25 to 3 1) the patent specification ' 
" ■ identifies uses oftmncated versions of VEGF-2 for 

LXiactivatmg the activity of endogenous VEGF-2. It also 
discloses how such truncated molecules may be used 

therapeutically as anti -cancer drugs, to prevent 

infiamihation or to treat solid tumour gro^vth, diabetic 

■retinopathy, psoriasis and rheumatoid arthritis (page 25 . 

lines 4 to 13)." (AJ^/I4.23.) . 

• The opposed application descnbes no polypeptides that are fragments of the 
a.oro-amatelv 326 amino acid maaire VEGF2,and does not identify any polypeptides 
that were shown or believed co have VEGF2 inhibitory activiry.'" Nor does the 
apoUcation provide any evidence that V.EGF2 is involved m cancer m any way. . et 
D.' Matnc. believes that the appUcauon discloses how truncated VEGF2 molecules 
niav be used as anti-cancer drags. Treatment of cancer continues to be one ot the 
mos^ researched and persistent problems o f medical science, and has been for , 
decades Tnere is no evidence m the opposed applicauon to suppon ^ius assertion. In 
mv opimon. scientists with ordinary sloU and experience, or higiaer, would not beheve 
rhat tVa^zments of a novel polypeptide could be used to eeac cancer just because a 



- in oaraerat,h 4.12 Dr. Mattick references ^'^^GF-C fra.gments" described m 
U S Patent NO. S.V.O^Tl issued to Aiitalo et al. These VEGF-C polypeptides were equatea^ 
by D. Mattick with VEGF2 polypeptides, but of course they are not descr.bed m the opnoseu 
application and. they are active poiypepcides, not .nhibuorv ones. _ 
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pacent appLication says so, when d^ere r. no disclosure of the activir/ of the ' 

■ polypepade and ao evidence of mvolvemem of the poLypepndes m cancer. 

Dr. HavAvard says that it is not reasonable to expect an mitial charactenza:ion of a 
.ene to provide -"a mil descnption, supported by detailed experimental proof, of every 
prooero/ and function that Lhe encoded procem possesses." (.WU 4.8) I agree 
witi. chat position. However, if an inventor >s seeidng a patent on a gene., an encoded 
protem; a variety of '-active;' vaaants of the protein and gene, and a vanety of uses ot 
• the orotein and .ene and variants, and other subject matter, then it is appropnate to 
ask the patent appUdant to provide a worlan.g method for expressing and secreting the 
protem. and to- provide evidence of some poraon of the propemes or factions, k is 
not aopropnate co award che patent if the patent applicant has left for die public to 

■ determine how to make and how to use tlae invention. However, that is precisely the 
si^aation here, where the patent c^pplication has not shown how to express and secrete 
VEGF2 or demonstrated any ninction for VEGF2. 

C3. Experimentatioa Relating to Inhibitioa of ^■EGP2 Activity 

.-5 I or ^nallv discussed the inadequacies of Lhe opposed application with respecr to 
inhibition of VEGF2 activity m OPRl at 6.6. Generally speakmg, toowledge of a 
■ biolo-ncal activitv is a prerequisite co -designing ways to inhibit the biological activity. 
Thus, all of the- statements m my ongmal declaration relatmg to biological activity, 
and allof the additional remarks on that subject above, are relevant to the lack of tair 
basis and lack of sufficiency regarding claims whichpenam to inhibition of VEGF2. 

.6 AjMk^ 107 - 4.108. Dr. Matuck's remarks m suppor. of irJaibition or ancagomsm of 
VEGF2 are repeadous of his remarks relatmg to VEGF2 biological activity, Wnich I 
discuss extensively aoove ui oecuuu v_- a..^ .-y— - — ^- - 



Is VEGF2 2 Lymphatic. Growth Factor'? 



...■7 ir. mv tu-st declaration I discuss published evidence (largely from Professor Aiualo 
^ouo ) T>.at the- pnnciple acdvuy or d.e real-Uie procein produc: of the -'VEGF: gene" in 
heaUhy aaammals appears to be a gro^vth factor for the lymphatic vessels.' ' This ract 
aiDTrears uncoacested in HGS^s evidence -in-answer. 
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rt IS also uncomroverted Lhat, not^^Uhstandmg the numerous activities prophesied for 
VEGF^ in the opoosed aoplicauon, the inventors failed to teach that V^GF2 was a 
.iv^phacic ^^owth faccor. The. big list of uses and activities that PIGS' taught, e.g.. at . 
pa... 16 of its.anolicaaon were simply copied from what oLher soienns:s had said 
about VEGF (S.ee Document D36. U.S. Patent No. 5..219 J39 begmrang at col. 1 2, 
line 5 orPDGF.) 

. .9 Dr Mattick attempts to dismiss this shortcoming by drawing an an.alogy bet^veen 

charactenstics of I'/mphatic vessels and blood vessels, perhaps implying that the . 
opposed apolication was generic to both when u discusses endothelialization. (AJMl 
d 74-d 7^) However, he does not contest that the opposed application is completely/ ■ 
silent about Ivmphatic growth or treatment of Ivmphatic disorders, and it is clear from 
Che context of the alleged VEGF2 uses in the application that they were not 
contempiatine uses relating to l^/mphatics. Aldiough a bit cr.de, I would analogize 
Dr. Matticlc-s obscunng-the distincdon between blood vessels and lymphatic vessels 
to an auto mechamc obscunng the distinction bet^.veen an auto's D.el lines and its 
. cooling system. Both systems mvolve vessels (hoses) and liquid flows, but ordmary 
people in the field appreciate the sigmficant differences m their functions. 

C5. E.xperimentntioQ Relating to "Examples" 

. 50 In paragraph 4. 13.1 of my tlrst declaration, i explain that Exam.ple 1 of the opposed 
aoDlication h-as errors and inconsistencies, uie m.... ....w.. ... ^^^^ - - - 



r also explain that the opposed applicadon fails to teach the real-li.fe protem 
oroducr. of the VEGF2 gene. [See OPRl at 4.7.] 



= own sl=,u=„. .0.. and a. »o o.he. ,,d.p,ndenUese.cn 

! v'n 'P-irh rhat fbe real mRNA is i.^-^:--'' oi— • 

t::::::^^^^^^^^^^ ...p. . hos c.m. ...... .. . 

Les'no. con.s. .he fec= .hat HQS . «pen».nU results a« ^us. pla.n ..eng. Ta 

reponed ,n E:ca.p. I n.as,n,W.ed Che p.h.c aho., -.e .dena.y and .he ... 0. 



VE0F2 mRNA. 



, ., ,i-3of.nvBr.tdeclaradonUxplamLha.Exampl=.p.ovide. 

tnparagiaph^,lJ -- ■ „^rT, ,,. r, 7 Varii that Lhe Example 

i„fonr.adonofn>uumalvalue:ounders<andmsVEGF2(-i,-)- , 

ad.ofe„o. and~.es, and ;sinco.p.e.. (4.3.3) The .cone- 

.nccnces.ed hy Dr. Mat.* With tespe.t to the e.„ts. -cct^aces^ 

„ VI- --.ends three paraarauhs basically confirnnng my 
incompleteness, Dt. Matttc. =pends i,xe p ^ 

, -.-^^ .hat ''there are a aumber of errors 1.-.^^;, 
analysts, admttun. that .her ^,,enttfied or-nct .denuited at 

"inconsistent"«ithhsu«st4.9l),diatpnme. ,.„,.. c^™!- t 

a„ (4 9.)^ and tl,e UKe. Dr, Mathc.'. anempt to tehabthtat, the " 
::!ot.her e.ampl= o. the sc.enttt.c doable .andard betn, appUed by HUS , 



declarants. 



, ^n-.ds rour para.^a:.hs discussing Example 2 of the opposed 

Zl^29, He .0. oc less coa.... .ha.-.xa.ple . failed .0 

teach tiieF 5 pnmer, and chat Che p--m VP .f or-- of ' 

, .V^ Chat was allegediv made. (Dr. Hay.vara s un.cerpre..a.on. 0. 
make the pohy?epci.de chat.was .11 . ^^^^^ , 

these errors was that F4 as taught in ^e Example is r-ally F.. and th 

J .eclar»< .hat he would have been able co carry out expeamen.s similar 

Ka,.v,.d declar.- -h ^ , ^^^^^ ^.^^^ ^^^^^ 

to .those shown m Exam.ple but that dc expenment 
was descr..bed inadeouately and it would have been le. .0 the r._cet . 
simply to try to repeat Che -bxampies ui u.= a,,...^ 

C6. Summary Regarding Experimentatioa 



D. 



. I-'T'- oercencaae of the evideTica-in-ar.s-vver is compriied of 

-e de-'larupcs ri^rouoli experimentation. beUeve that they could 
hal, e n.r^d oet that the opposed appUcauoa was plam ™r.g m Us characten.aco. 
of VEGF- -xd. afKr figunnj o« d,at the opposed appUcatioa was wrong, the 
s-^=-t,sts beheve cha. a«y could have performed adduional expenmentanon to 
,t,,r-c-er-' V^GF2 ootrectly and then use it for whatever purposes (he,i 

Jn^,ntat-,on revealed could be used for. Thus, the evrdence-m-answer 

...ears'^o be advocating the pos^hon that HGS should be awarded a patenr because 

patent apohcahoc would have created cunos.ty and enthusnastn to expenment. 
,1... with substanttal expenmentahon one, nngh. have discovered the .naccwaces 
u/the oaten, aophcahon, discovered that the mventton does not work as descnbeu, 
^.discovered alternatives or improvements that might have worKed but that were 
no. tau^i. in the application. Tiae question resolves to one of whether .t ts fair to 
„-^t a paten, to the person th.t teaches an incomplete and mcorrec. invention that 
. Ithers mi.^t eventually be able to complete and use. In my opinion this ts no. ia,n 
The inerrt's of .he pa.en. application should be jud.jed on what it teacnes, and nodiO 
oth'er scientists feel they could have overcome its substantial shortcomings ana errors 
With experimentation. The fact that such experimentaUon might have reveal d 

■ , 1„ the oooosed aopUcation or revealed alternative inventions to the 
inaccuracies m cne oppobcu -up r^^ri^n 
nrvention descnbed therein does not cure the e.ors or inadequacies ol the applica.ioa. 

1^ .PPROPRl ^rz USE OF H1NB.S1GHT TO MKST.^TE THS .^MOUOT OF 

™L-T-.t:o. TH..T woox. H.v^ BEE. TO .t.KE . 

THE INVENTION WORK. 

Dl. Hindsight with respect to V-E-GFl Expression. 

1 -.i- ;c v-vc^c.^d oTi hir.dsisht. In 

T disa-^^ree with much oi the ..viu-.r-c- 

:rher words, the HGS declarants are drawing conclusions based on what ,s ^ 
^own about VEGf 2 and VEGF-C.based on papers and patents that wer pubLs - 
.he film, date of the paten, application. In tins secuon 1 explain the Inndsight 
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alter 
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and provide a fairer analysis uivolvmg only the common general knowledge m 1994, 
combined with the teachings- m the opposed application. 

Dr. Mattick concludes Chat., even though VEGF2 as taugiit in the opposed patent 
contains only about 350 ammo acids, -Lhe nucleotide sequence disclosed in Figure I 
may also be read to encode an additional 23 ammo acids." (,=UM1 at 3.22 and 4,7.) 
Dr. Haywarddrewa similar conclusion. (A.NH1 at 3. 14 and 4. IS.) Aslexplam 
below.. Dr. Mattick's and Dr. Kayward's conclusion is contrary to the plain teachings 
of the opposed application. However, it is easy to see how they would have reached 
' this conclusion--when one considers documents published after the opposed ■ 
application, which taught Lhat VBGF2 includes additional ammo acids. That is why 
their analysis is based on hindsight. 

4.55.1 Figure I ofthe opposed application, to which Dr. Mattick and Dr. Hay^vard ■ 
refer, depicts a DNA sequence and a deduced VEGF2 protem sequence. The 
opposed application explains Figure I as follows: "Fig. 1 depicts the 
polynucleotide sequence which encodes for V.EGF2, and the corresponding 
deduced ammo acid sequence of the full length \T:GF2 polypeptide 
comprising 350 amino acid residues of which approximately the first 24 
ammo acids represent the leader." (Opposed Application at p. 4, Unes 28-32.) 
There is no ambiguity m the opposed apphcation as to the length of full 
length VEGF2 or the location of the methionine amino acid at which full 
len'-tfa VEGF2 begins. .^nd there is- a clear statement idencifyins the 



The opposed application exphcitly .teaches that the. methionine codon at the 

, ■ . _. c .u , xr-r-^n ..rnr^^-n-^nr.ndiniT .^eauence is at anproximately positions 71-73 of 

dae DNA sequence in Figure I. Tne relationship ber.veen a poU/peptide and the DNA codmg 
sequence encodmg U is a relationshup of tn-nucleotide codons: each ammo acid is encoded by. 
chree nucleotide "codon- units. The DNA strands (chromosomes) that characterize uhe 
human genome each comprise hundreds or thousands of protem codmg sequences, generallv' 
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invencor's belief ui the dw.s.oa between che 24 ammo ac.d s.gnal pept.de and 
the "mature" VEGF2 of 326 ammo acids. 

.... I exDlained m my first declaration, multiple groups, including the very ' 
mventors of the opposed applicadon. later refuted the noaon that the protem 
encoded bv the VEGf 2 gene is only about 350 ammo acids. It is, m fact, 
about ^1 9 ammo acids, but the opposed application failed to teach about 69 
■ ammo acids at the beginning of the protem. [See. OP Rl at 4. 1 1 . 1 -4. 1 1 .3 
(cumg Documents D43, D44-^6, D84-S6.ofl-iGS; D75 and DS4 ot ■ . 
Genentech; and D71-D74 of Umversity of Helsinki.)] 

.55 3 Thus, it i.s easy to understand how Dr. MattiC. or Dr. Hay^-vard could have ' 
■ " used hindsieht to conclude that the Figure I sequence might actually encode 
n^or.= than 350 ammo acids, because numerous publications from about 1996- 
.:0Ol reported this. But the conclusion is clearly biased on what is now known 
in year 2001 . and contrary to the plain teaching of the opposed application. 

rhi. hindsight by ODimng that he would have learned from the 
4.56 Dr. Mattick compounas thib tiinusignt oy uuu.i-^ 

r m ^-^oress V^GF2 with these extra 23 amino acids: 

patent applicatioa to e.cpresi v _vj. 

- -Taking into account tiie existence of the additional 23 " 
ammo acids at Lhe N-terminal end o f the V-£GF-2 
sequence disclosed m the patent specification, I would 
also have sntched a signal secretion sequence to the . _ 



■ ' ~ ' r-,rnt-:=in rodin'^ seauence beains with 

separated by stretches of non-coamg sequence., cacuprot.mcoum^-. . 

the codon ATG, wbjch encodes raethuomne. 

. ^ ,.,-.;,-! \rvr-^- «/hir.h has no basis in the application, also 
''Interestinsiv, tne j / j iiuniw u.-..^ ■ _w --- 

no ap.a„nc s.^ificanc. In hu..-. b«c.y: Th= KGS .ec,a.„.s ha,, a.^cwled^e. .Ka. 
S.,, ,«.Lh VEGF2 (wuh s,:»al s«.ue.c., . a..aliy .19 a^o aods. .ae Ah.a o 
research .=o.P has shown .ha, *e :.7:. ammo acd molecul, ,s vastly diff«=n. .han toe .om..s 

of proceiri secreccd by humaa cells. , ■ 



beainnmg of the cDNA disclosed m the patent 
specification, as taught in the patent specification. I 
note that such an expenment was done and is descr.bed ' 
,n Australian Patent Application 60467/96 (7U,4S4) 
(KGo second VBGF-2 patent application) and the 
■ resultant product from those exnenments Is reponed to 

be biologically active (see oage 42, line 32 to page 43 _ 
lxne25andFigures8-and9-HGS'secondVHGF-2 ■ 

patenc application). (AIM I 4.8) 

..oUcafeon . con,poun.,d here by a ^owleagc ,a.Bed ^ ""^ 

. a.cUcaUon .0 a«ac. a .gna. p=P«= .0 the be,.^ms oi *.= aacuonal 

.™rc -CMS To e:<.=nt the opposed appUcauoa suggests attachmg a foreign 
r: pCdl a se,u.,ce, t. su..st>... «o.d .a. .en to attach tt to 

"Mature V-EGF2" wh.ch cotnpnsed only aboat 326 amino acds (see opposed 
- a^;' t.„ a. pp U «ou.d have heen ..h>y .egulat .0 atte.pt to a„ach a 
3 L. pepttde-et^cod., se^tteace to »ha. .vas taught to .e 6, t,uc,eo s o 
Jacodtng sequence, hecause stg.. sequences a.e not otd.a.ly U3^ t d.^^ 

^ Tv.;^ 1^ -^-neciallv tnie when the patent 

"T.:: t^::::. ^""^'^^^^ ^^^^-^ - - 

■ apol cation taught that a tn-e 51 -la ^ ^.;-,r-..-inn 
■ . rPob/TDeDtides don't need ^vo signal peptides tor e.cpr.-s.ion 

of noncoding sequence. tPol/pepuucs 

and secretion.) 

.-nl-urxwy bow he would have expressed VEGt2 
4.58 Dr. Maaic. devotes tluee pages to e.pU ni . ho 

usiP.^ ^'routme tnal and expenmentation:' however, Dr. M.c.c. . 

,• Hn^Honb.-w from the following assumption, 
in his explanation because his explanation c.^.nsa.vr^ 

'^Had I attempted to express the VnGF-2 protain using 
the putative secretion signal sequence identified m the . 
■ patent specification -and had that not worked . . . 
(MM14.5.) 



.0 Dr Fav-vard begins his analysis from a similar vantage point. (See mHi ac.3. 1 /.) 
The HGS declarants siart. here because, with hindsv|hc knowledge, chey '^now that- the 
sio^al .equence taught m the opposed application does not work. However, at ±. 
ame the patent application was tiled, scientists with ordinary 'knowledge presumably 
would not have known that the signal sequence taught m the application would not 
work Such scientists would have read the teachmgs m Lhe application concerning the 
sequence listing, tried to express the polypeptide according to the application., and 
•failed Then, the person mi.ght have repeated his expenment and modified any ot a 
aumberof oarameters (cell tvpe, expression vector, promoter, growth conditions, ana 
so on) to tr. to discover why things did not work. Extensive expenmentation might 
havp beea uecessarv before arriving at the true source of the problem and solution. 
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. similar analysis applies to the manner that most of the other HGS declarants say 
that thev would have success hUly expressed and secreted a VEGF2 polypeptide. At 
l.ast Drs G-amble. Dr. Hay.vard, and Dr. Rapoport say that, even tl^ough the VEGF2 
. taught m the patent application is incomplete and the portion of the sequence 

described as the signal is mcorxect, they would have expected to be able to 
■ successfully exoress and secrete VEGF2 by attachmg a heterologous (foreign) signal 
sequence- to the 350 ammo acids of VEGF2 that were taught m the patent application. 
(Se^ ^JGl at 6 5; ANHl at 3.20-3.22; .A.TRl at 13.) Dr. Power reported that she 
perfom^.ed such an expenment (ASP 1), and Dr. Aaronson spoke approvmgly of that 
experiment. (See, e.g., AS A I at 15-22). 

. 61 The notion of expressmg the 350 amino acid VEGF2 taught m the opposed 

aooUcation with a heterologous (foreign) signal peptide may be an interesting 
scientu^c curiositv, but U has nothing to do with the teachmgs in Lhe opposed patent 
application. The opposed apphcation teaches the reader that the VEGF2 of about 3.0 

amino acids already ^-ono.si^ i , 

r=.r,se«.n. the first acproxmiately 2+ ™tno acds, and ^ m.m« pmtetn of 326 
^.no ac,d3, (Se., ..g-, P-e 5 of opposed appUca.lon.) Scemists in 1994 or today 
would tiot have had any reason to express a protetn that already contained a si^al 
,e,uen:-. .s-..i"- a metf^od that involved attachm. a heterologo.s.(for„sn) stpal _ 
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seauenc. (e.g. Dr. Power's Ig KLappa signal sequence) to the beginning of the nar.rai 
si^ -iequence. Such an expennienc is not a replioanon of any example in the 
loposed aophcation or a reasonable exiension of any of its teachings. Tlie 
mstnctions that HGS gave to Dr. Power for her expenments were not to replicate the 
teachings of the opposed application. (See ASP I at 2.) One ought infer that KGS 
.ave These Instr^actions because they new that the invention taughr in the patent 
Lpb-cation -loesjiotwork the way that they said it would/ (Dr. Mitalo's tirst 
-declaration (OiCM) showed Uus.) .^d the suggestion by the HGS declarants that 

■ thev would have. Identified the cause of the failure withou: extensive expenxnentation 
..s based on the-hindsight knowledge of what they aow beUeve will woric. 

The onlv su..estion to perfonn the experiment of attaching a heterologous (foreign) . 
signal seauence to the 3 50 ammo acid VEGF2 comes from scientific and patent, 

■ Urerature re^^ardm. VEGF-C or.yEGF2 that was published after the tiling date or Lhe 
oooosed aoplication. When one reads that Uterature, one learns that the gene m . 
aauahry has ^19 codons. and that the 350 codon sequence was incomplete and lacked 
a si^-^al peptide. OPRl.at, e... 1 .5.1.1 and 4.U-4.1 1 .1 .3; ATRl at 8.) One also 

■ learns (from the VEGF-C Uteramre) which fomis of the molecule have biological 
5,nctions. such -as stimulation of the l^/mphatic system. Even if the expenments 
.nvolvm. a heterologous sequence m combmation with 350 ammo acid VEGF2 work, 
the results should not be credited to the opposed application, but rather, to the 
.n^enuitv of others who determmed that VEGF2 does not work In the manner 
descnbed m the opposed application, but works m a totally different u.arx.er. 

. Dr Raoooort's analysis of the signal peptide issue also suffers from hmdsight. For 
e^ample Dr Raoooort declares that it was kr.own that signal sequences located at the 
N-tenninus of proteins "were required to directed secreted proteins outside or the 

r-ll ( ^TRI at 4-5). He says tnai resear^uecs ^..1= ^u.. ... 

L^auences bv inspection or with sofrware. (ATRl at 5-6). Dr. Rapopo.. says that he 
fails to observe a t^^ical conserved motif of a signal sequence m the 350 an.mo acid 
■ VFGF2 tauaht m the opposed application.' (ATRl at 10.) Given what he says-about 
si-.al sequences m para.granhs 4-6, one might have expected Dr. Rapopor. to 
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.oaclude d.a< VE0F2 was not secre«d . a!l^ (Tnat ^ould hav, been a logKal 

■ aference <o make aboal a protar. thai does n.o, appear to have a signal s=,ue.ce.) 

6. I„st.ad Dr, P-aPopon says 4at there was "strong evrdence" that the 350 amino ac.d ' 
VEOF^ was a secreted protem "based on the teachmg and recograinon of tne HG. 

■ spe=rficat,;on that a is a member of a famUy of secreted jrcwrh factors/' (ATRl a. It) 

and 7.) _ . 

6- However- the "Stron. =v,der.==" upon whtch Dr. Rapoport reUes does not withstand 
scr^nnv '-The onlv "evidence" ts the recogmtron th.at VEGF2 exhrbtted 22-30% , 
,den.ity wtth VEGF and the PDGF proteins. (ATRl at 7, 9.) I explained « detail in 
„y Srst declaradon that thas low level ofsequence identity does not permit reliable 
predJctionofstrucweorhancnon. (5.. OPRl at 4.63-4.65.) Tliat pornon of my first 
declaration was not contested by any HGS declarant. There are many exanaples ,n the 
Uterature of proteins with sr^ificantly greater strrrcmral similanty, but divergent 

funcdon to fact, the examples in my Erst declaration demonstrate that ..-.0... 

sequence similanity is not even sufficient to be sure .h.t two proteins are both ^owtn 

factors, or are both secreted from cells. Here are bwo m.ore examples directly relevant 

to Che field of blood vessel growth: 

4 63 1 The angiopoietms comprise a ■•family of proteins believed to modulate 

endothelial cell erowrh ,n humans. Although angiopoietms share am.mo acid 
idenhtv of e J., about 40-70%, some family members appear to snm^ulare 
re^eotors uivolved m endotheUal cell growth, whereas others appear to 
a„ta.oni« (blodc, them. Thus, an^opoietms share greater sequence stmilant^y 
wrth'each other than VEGF2 shares with VtOF, but angaoooietins can have 
direcdy cpposmg acn-vities towards each other; with some being growth . 
- factors and others being .giOvvtii factor antagonists. 

The tT.roblast growth factors (FGF's)cocnpnse another ^'famnv 

f,ctor^~ Some, but not'all, members of r.h.s famdy have signal peptiaes tor 
■ ■ a.r^..a^secveaoa of the protem from cells. The FCF's demonstrate d.at not 
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ail pvote.ns >n a paracular pvotem- ^'famxly- can be expected to have a 
rraduional signal sequence. 

. 66 tx 6c. =v,n a *e« war, sufficient ev.;denc= m Lhe opposed appUcadon to conotad. 

mac VTCF^ were a ^irow*. factor, U is untm= th.t all growri factors ar= s=cr=ted. Ta= 
ephrns represent yet another »tamtiy of protetns. that Ito VEGF, have members that 
appear to plav a role in vascular developnaen. and interact wUh daeir own receptor 
r,.os,ne Ic.nases (Icnown asthe Eph ceceptors), AH tatown ephnns are tethered 
„a.ura,W to the cells »htch they-are expressed, and »nst normaay renxam attached 
.0 the cell tnen,.ran= to ac.rvate their receptors or odaer cells. Epteas Bl-.. all have 
,. „ansnaena.rane and c™plasn,icdoma.ns that,local«e.n the cell's n.en-.hrane and 

cytoplasm (interior),- respectively. , 

The fore»o,n« e.xamples an.d the,.ncontested examples from my firs, declaration 
demonstrate drat Dr. Rapoport had no "strong evidence" upon whrch he could base 
Ws cotaclttstons, except for Undstght Icnowledge gatned from Ae reported wor.c or 

•HGS's coLTipeUtors'. 

I. op;n.oa. the only t..e .odvaUon, for the research that Dr. Rapoport. .escnbes 

;<nowled'.e of the 419 ammo ac.d VEGF2 (ATRI at S) and oubhshed .nfoon.aaon 
about VEGF-C (ATRI at 13-17.) The allegations about what he would have. 

• ^ . ^^r^-H ondyor -cnected based solely on the apphcaaon do not 
recognized, predicted, ano/or -.^-c-- 

withstand scrutiny. 

D2. ■ Hindsight with respect to VEGF2 biological activir.. 

I discuss Dr. Mattick's ana Dr. CjamDie ^ mnubi^- 

- - I n-.r- u-.Tihs ^ ^''^ ^0 winch I repeat hers by reference, 

acnvicv above in para^iaptis 



4.69 



, ,0 Dr Ha.«ard also exercses hmds.ght m Ms dtscuss.ons of VEGF2 b.olo^icai acuvtty 
(See. e:,., at 3.5; 3.2:.3.36.) He explains da„ he understands VEur. acuvu. 
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,0 mean one select Ust of funcuocs cha. ar. rented m tl.e opposed appUcaUon (such as 
an^^o^eoes. or procnoang endod.eUausaaon or wound heaUng) but faHs to hs. other , 
^Jons. such as growth of damaged bone, penodor.t.um, or Ugament .ssue as statea 
at page 17 of the opposed appUcat:oa. (See. e.g., .^Nfril at 3.6, ..28.) 

Dr Ha^.^ard also exercises bands.ght by declanng that one of ordinary sloll would 

' .i.vhecherVEGF2boundtoFltuFlkl,andFit4. (See.^MKlat3.30- 
have considerea wliecner v uvjjt- u _ , - 

• , • fVTV'^^ ^ewe as recentors for a large number oi 
T 3 ^ ) R.-ceptor tvrosme kmases (RT^ b) ^er^e ab r.^cu 

;.o;.cu,es: ^Cud^g .he FDOF'. My cu.e„t sc^n.fic woA include, RTK R.K 
,:^,bu.r researC, .nd in my .3,taa«on hu»an genome concai„= perhaps .00 .o 
1000 dil^.en. B-TK.- (only a small faction of whKh would have been cha«ctea.=d 

„.=,„-n thaf a oerson would have focused on only those three 
rec'eptors ffltl , F^l, and nt4) ts based on hmds.ght knowledge that Mly Processed 
VEGF-C was shown by AUtalo ,t aL to bmd to tvvo of them. The tdea to screen . . 
or other parttoular receptors is not fo^d >n the apphcation. 

CL..IMS WHICH RECm P.^TICULAKSUBSETS OFTHE 
SEQUENCE L.^CK F.^IRB..SIS.4tXDL,.CKSUFFlCIl^.CY. RXPL. TO. 

AJMl 4.96-4.102 .\lND AJG 6.3.1-6,3.2. 

, In paragraph 5.S,l ■ i.S.6 of my declaration I explatned that the opposed apphcation 
' ,s wn.ten provided no indication that the apphcan.ts intended to claim the particular 
seouences of clamis 1 1 -12. 32.3 = , and 40-41, and that the only mention ot tnese 
oortiors of VEOF2 were not as peptides, but rather, were as observations that they 

' . s -ir, corse-'ed motifs with the pr.or an. .Dr. Mattick gleans 

represented poraonsshannjconser-e,- mo ^ 

such an intention from identification of tHe conserved ..otifs at page , an i^r 
in combination with the teachmg at page 9 about -.agments ot V .Gr-. I am not 

persuaded by this analysis. 

73 *-b,en I read the discussto^of page 9 concerning fragments, I see no mention 

' v^batsoever of conser.ed motifs or of the alleged ■■signature- sequence, .vhen 1 t.^ 

... T a -risc'.i^-s^.on of the svir^ature mcafs bat no mention oc _ 
page anc Figure i a^Lov..i-o 
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VIGP2 fragmeuts-of the invention. I only see an obser.auon that shares r^o 

atxnbutes wUh VbGf and PDGF, and neither attnbate is actually a VtGF2 ^ 
-frasment."'^ Howhere m the apphcation is the -'signaaire for tl-.e P DGF/Vt G? 
fl'uy smtedco represent a -^VEGFl fragrr.enr of r.he mvencion. 

Dr M.^rock apparently does not dispute my conclusion that claim 3 1 is entirely 
unsuopor.ed in che application. (See OPRi at 5.3.7), or my obser.auons .n p-aragrapn 
5.8.9 regardin-g failure to adequacely teach VEGF2 "activity- information about these 
peptides., even if they were adequately descibed. 

In paragraph 6.8.1 - 6.8.2 Dr. Gamble summanly states that she believes that the 
pat.nt specification provides -'a range of different length VEGF-2 polypeptides." as 
well as the DMAs encodmg them. For re-asons explained in my first declaration ano 
in the preceding paragraphs, I disagree. 

LACK OF FMR BASIS OR SUFFICIENCY FOR VEGFZ MRNA. 

. 76 h. MMl 4 103 - 4.104. Dr. Mactick responds to my cnticism in OPR 5.8.10 that-d^e 
ooposed anplication lacks support for VEGF2 nJLNAbecause the alleged mP.NA m 
the oooosed applicauon is clearly misidentif.ed: Dr. Mattick cites E.Kample I as 

o .r- fnr VFGF^ mB>^[A. Dr. Hay^ard provides analysis of Example 1 
_ providmg suppon tor v cur- u-J^- ^ - j r 

■ at ANFil paragraphs 4.21-4.24. 

. 77 ■ T an, .npersu=d=d by Dr Mamc..-s.ndD.Ha^..rd-s analyse. Uo« apo,o.,.i=aay 
OPP 5.8..0 should have r.f=tr,d .0 Example 1 .n che opposed application, ra:..er 
example ' review of Example 1 proves my ongmal pome. In oarapaoh 
In i of my Erst decla.-a.o,a, I exoiamed ,ha. Example 1 of Ihe opposed appUcafon 



F. 



" %-„a< I mean by this ,s that the B.-st attnbate - etght conserved cysteines ■ are 
scattered tlarou.hcut.th.e VEOFl sequence, not a txagment of ,t. Tne second attr-,bute ,s a 
,..,nenc chemtcal fotmula PKCVX-V.XRCXOCCN. not a VECT2 .ra.smenl, ^ 
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,as =-on arc mconsis.=nci=s, the most senoos of whkh is that the r«ults vvh.ch were 
r=non« (VE0F2 alRNA of 1-6 kb/kd or 1,3 kb) ar= O.cr.di.ed by HGSS o-^n 
-lis.,ue-:-^<=rk and :.ork by at leas: (wo other imependen, research .roups, wbich 
',e.ch tHat the real m.WA is 2.2-2-4 Icb ,n s,x=. Dr. Matt.ck reUes on Example I and 
sn=-ds ™nv parasiaphs attemptrng to rehabtUtate Example 1 for HGS (.^JMl 4,84- 
83 4 104-, but he does not contest the fact that HGS's, experimental results arey...< 
pllin «rcng The .vork reported .n Example I m.srnformed the publ.c about the 
Identity and the size of VEGF2 mfi-M,A 

Dr Hav^vard also does not contest that tl>e 1.6 kb,lcd result reported m Example 1 and 
rehed uoon by dae HGS declarar.ts ,n various aspects of tl:.e,r declaranon ts wrong, 
and dtscredited by subsequent experiments. However, Dr. Kay^ard attempts to 
,.hab.hrate Examole I by tnterprettng a dtfferent expettnaental result, namely -P.gure , 
Dr Ha-^vard says that he wo.uld judge Figure 5 as showing a band of about 2.4,'2.. 
to and a band of 1.6 to 1 .8 kb and that "at least th,e major band is reasonably 
consistent wtth subsequent results." (.'^MHI 4.24). 

a 79 Whatever meaning Dr. Hay^ard can now discern horn F,gure 5 does not change the 
fact that HGS attnbuted no sigmSoance to Figure 5 whatsoever when it wrote the 
ooposed apolicatioo. Nor does his mte^retation change the fact that the result upon 
which the inventors, told the public to focus, 1,6 kb/'^, is now discredited, 

. 80 Moreover, it's not clear to me that Dr, Hayward's mterpretation of Figure 5 is even 
,,Ua.le He admits that there is, at least one mislabeled band iM<HX at 4.24-..0) 
a:..d it-aopears to me that there may be more than one mislabeled band. There ,s no 
basis in the aophcatioo to deten..ine which of the band mconsistencies in Figure . are 
rig-ht or wTon? (or whether all are wrong). 

G. THE P.ATENT APPLICATION MIS-TAUGHT VTGF2 PROTEOLYTIC 

PROCESSING. 



„ 3 , Dr G^.ble devotes s=v.a, p.g.s of her d.cUr.,c. d.scussmg Uno»,.d,, of pnor an 
„,w,K faccors PDOF-:, VEGf , and PIGF, mclud,ng d.scuss.on of proteo,l«c 
;oce'^.n. of these pro«,ns. (See «Gl 5,.-5..3.) Her apparent reason for the 
L-h v drscuss-;on of the pnor ar*. U an attempt to rehabtUtate the teach,n.s or .Jre 
op:osedapphcatronrela.in,toVKF2.(See«016.1-6^5;7,23.-.24.)Dr 

i^ooorr's dec, afanon also rehes heavrW on analog, to VEGF and PDO.s process.ng 
for hrs declararron. e S . ATRl at 7, 9. and U ) 

„„ . firs. ,t ,s ,mpor..ant ,0 remember that the opposed appHcat.on taught an .ncon.plete 
VBGF2 seouen.=, nhssrng about 69 codons/an,.no aords. At least three or rfu s- 
Heclaraots have adnutred thrs tmpo«ar.t onarssron -fam t^e paten. appl.cauon: (.ee 
paragraphs 4.3-4,3,4 above, repeated by reference.) 

„ 83 *l>en assessmg the suffrcency of the opposed apphcatron, it .s also onportan. to bear 
' rn nnnd ,ts actrral teachrngs. The opposed apphcatron taught the inven.ora oes 
p..rctron a. the time regardtng proteo.^.c processing (r.e., signal peptrae o, 
^no acds, mature prote,n of 3« ammo aods), .hrch was plarn wrong^ Dr^ 
Mrtalo. two declaranons confrnn that cells cannot express ^ ^'"^^^ ' ^^^^ 
m the patent appltcauon, (See Dr, AUtalo's declarations, OK.M and O.-^.) 

„ S4 .:nowledge of the proteol-^tc processtng of pnor ar, proteins, drscussed exrenstvelv , 
..nran.of.heHGSdeclarants.doesnotsuppor.paten.abrUr., ^^^^^ 
U The HGS mveutors used ^ow.edge of pnor an. protems (e.g., v cG.-) .0 pr d.ct 
st^al peotrde and ma.re pontons of VBGF. m therr patent applicatron . tch .3 
3:en:,al,;.;hat the HOS declarants sa. rhat the. .ould have done, (.ee MO 
...Hus. I ..vould predict that VBGF.3 would be expressed m a sun^ar wa, 

- ,n fiU. -N"! at^- M ATRlatU-'IvvouldpredrctVtGlr-2tobe 

exoressed m a similar way [as ibe ruur/ - . . m 

ptam wrong m the opposed application, and HGS's declarants lilcewise would 
Have been wror:g ,n their prediction. The processing taught by the opposed 
.pplicanon (simple removal of a signal peptide at position 1-24) does not occur tSe, 

OF-A.I and 0102. ) 
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a. Mo....=. .i« fun ,.ng.^ 419 aa,mo aod pro..n (VEGF-C) .s processed ,n a m^.. 
" ■ .p..<pe=.ed,v d.ffc«« and »cre comply.. co,npar.d .o su-np,e ren,cval a s..^.al 
pep.d=, <S.eOPRl a. *.a ..3 aadOo— D70, D7UD73, audDT4c,tcd - 
L„„ , Tb«efo.=, I muse d^sagxa. wuh Gan..ble's suggesnon .ha, " VEu. >s 
.0 diB=.o.-. -..a. . co.a.ns a s,..a. o. lead. ..aence. (Se= MGl a. 6. se= a.o 
. JGl -u 6 -., Tn. procassm, of the fall length VZOF-C proton .s substan.aay _ 

Even- When HOS dtscovered the .19 a„.™ and .^GE2 s=,aence .a,.d hie. 
,„;«ond patent appUcat.on, th.ey sttl. badly tnis.ptedKted the manner ,n wh,=h 
protein is processed. 

. S6 Thas the only relevant portion of Gamble, declaratron or the other dec.hrahons 
, atrns to oroteolytlc procesatng .= her admisaton that th.e opposed app cat.on .as 
■ ,:complet: She pl^nly agrees titat the VEGF2s,s,al/,=aderse,nenc. ,s ocateu 
.mong the 69 amtno acrds that were not dlselosed la the patent spachcatron. 

(AJGl 6.4 (emphasis added).) 

. 8.7 1. paragraoh 7.24, Dr. Gamble declared as follows: 

I was aware that all members of d.e PDGF/V-EGF famUy 

Clc:-iOwn m March 1994) undenvent some proteolvtrc processmg 
when produced from a cell. Thus, had I beea aslced to examme 
■ VEGF--^ m March 1994 I would have expected chat VEuF-2 
oaav also aaturally undergo some proteolvxic processmg when 
released B-om a cell. Tms process occurs aaturally dunng 
secreuon. controlled by cellular enzyTnes. Consequently, .f a 



. , nr,r,H,-nHnn.^ Human Genom-e Scienceo 

■ Li Its second generatiou vi^o.- uc......-rr ' 

\^^^^r ^^•ni.pnc'- of aooroxiimatelv residues 
■ ■ » '-ci^ir-i hT=; nutative leaner beuuent--- u. .iyy-^ 
cau-hf chat 419 resiaue v tGF- has putaa . 

■ ^.-<^(i ^T-.ir.o acids (See Document: D4j and U^-. at p. 
such that the mamre protem compnses . .6 auuno a^ius 

IP fact the l.ader .s 3 1 amm.o acids, and the mature protem .s mucn 
7 lasc para'graph). In tac^ me i 

.1.— nmr^--3ir'^ See Document U.' I . . 
smaller due to addicional pror-rob,u. proL-^oxn^- 
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earcher w=r= able to produce V tGF-2 and seoreie il from a 
U [ believe a reasonable expectation would be that procesamg 
■ would take place. Therefore, la my opinion, the patent 
specification fully enables one to express and secrete a 
biologically active protein that has been correctly processed. 

Dr Gamble s oualifier a researcher were able to produce VE0F2 and secrete h 
from a cell" cannot be overemphasized, because Dr. Alitalo has shown that as 
„u.ht ui the oatent application is no, expressed and secreted. Her statements about 
-reasonable expectation" are really -pure speculation and cannot reasonably be 
drawn" (see AJGl '.32.) 

THE F^CT TH^T HGS's DECLARAlHTS WOULD HAVT I'.IADE THE .S,VME 
MISTAKES AS THE HCS IKVENTORS DOES iNOT REH.AEILITATE THE 
OPPOSED APPLlC.ATlOiN 

Dr Aaronson bnefly explains that, had he been presented with a novel 3o0 ammo 
acid VEGF' sequence in March 1994, he would have (a) predicted that it was 
p.oteolv„callv processed; and (b) predicted that ,t was biolosically active. (See AS Al 
a, s . 6 ) Dr Gamble maltes similar predictions. (See .AJGl a. 6.5.) In my opimon. 
What should matter is whether or not the appUca.ion is correct, and notwhether Dr. 
Aaronson or anyone else would have made favorable or unfavorable "predictions." 

. ,0 Processm,: As I discuss m detail in the precedin| section, the HGS scientists also 
■ ' ""lIToroteol^c processmg in a manr.er analogous to VEGF. iSee oaragrapas 
. . 7 , 75 ■) The mportant point is that th.ey were wrong, and what they taught the 
■ public in the opposed apphcation was wrong. First, the ^/EGFl was incomplete, and^ 
,s not otocessedby cells m the way that Dr Aaronson or the KG3 mventcrs preaicte.. 
Second even when the Pall 419 ammo add VEGFl was discovered by the HoS 
inventors much later, they still predicted wrong. Dr. .AUtaio's science has shown that 
the proteolytic processmg of VEGF-C ,s much more com.plicated than the proteolytic 
processing that occurs with VE07. See Docment D7L. 
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\_cny^r, : Ther.^ is still no evidence in the patent application or the ensuing literaaire 
of Che next seven years that has been made of record m this proceeding that the 
VEGF2 taught m the opposed appUcadon is "biologically active.'' HGS's declarants 
believe diat the requisite testing tor acuvity would have been "routine" (see, e.g., 
AJ^U at 4.7), but HGS has only reported activit:/ daia for molecules that were taught 
m Its second generation application or molecules taughi by ocher research grozLVS , 
(e.g., Ahtalo et al. for VEGF-C) that diiler from VEGF2 of the opposed apphcation. 

1 . " THE EVIDEiN-CE- OFFERE.D BY HCS IN STJPPORT..OF THE OPPOSED > 

. APPLIC ATIOCH RELATES TO A DIFFERENT INVENTlOiN THAlN THE OME 
TAUGHT IN THE APPLICATION. 

4,92 In this section I explain that the .important data and opmions offered by HGS in its 
evidence in answer does not actually relate to the invention of the opposed 
application. Rather, U relates to subsequent inventions. 

4 93 Tne teachings m die opposed apphcation concemmg full length and mature VEGF2 
are uneauivocal: ^The polynucleotide of the invention , . . contains an open readmg 
from encodmg a protein of about 350 amuno acid residues of which approximately the 
Rrst 24 ammo .acid residues are likely to be leader sequence such that the mature 
protein comprises 326 amino acids . . . . ' 



Notwithstanding these clear teachings, HGS has devoted a vast portion of its 
declaration evidence argumg about the ments of totally different VEGF2 proteins that 
were not taught m the applicacion. 

4 95 For example, HGS asked Dr. Power to creac me . ^u.u.u ^^.v. ■ - 

VEGF2" and try to express it by attaching a different signal sequence to it: "The 
Patent Attorneys for Human Genome Sciences (HGS) requested that I perform the 
tbUowms expenments m order to determine whether the 350 amuno acid form of 
VEGF-2"^corresponding to residues 70 to ^19 of the 419 ammo acid form of VtGF- 
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Pased .n frame wUh a heterologous s.gnal sequence would result un the expre.3:on 
and secreuon cf the protean from eukaryotic ceils." (ASP 1 ac 2. ) 

nr Powers work exoressm- a 350 ammo acid \/EGF2 with a 
Of. Dr. AaronsoncueaDr. Po.ve.. v^or-- . - i6 ^ ^ ui 

^..^ sequence w.h approval. (S=. ASM a. U ■ 2..)" D... Ga..o.e ^ 
.n.or3.d san^e approa.. fo. -a«=.pdn, <o express" Che 

she „o«d. wim tods,ght, was m.ss^ng the real VEGFI signal sequence. (.MGl 6.,- 
.6-5.) . 

5, or Ma..c. ....even n.ore ceaSve deCaang .hat he woaM have been .ot.vated . 

-7^ „^i„o acid VEQF2 with a different signal pep-Me. (See discussion 
express a ^ / :> ammo aciu v i^^i _ 
herein at paragraphs 4,15.4.20.) Dr. Ha^^vard came down sorr.ewhere m between, 
because he agreed with Dr. Mat..ci< that he couid find 37. ammo acids supported i„ 
,he application, but he then discusses how he migh.t have attempted to express .he ..^0 
aniino acid VEGF2. (MNH I 3.13-3.26) 

„ ,s These hvpothe.ical e.penar.ents (tea, expenments in the case of Dr. Power) may be 

1 terestin, to consider, but -.he, have nodiing to do with what the opposed application 
ta:sh, thJpubUc, because U taught the public that manire VEGF2 was 326 a^hO 

acids. 

. ,0 one explanation given by the HGS expens for th.eir creative approaches was diat the 
■ opposed application taught «aa. one could express V^GF2 using a hetero.ogou uer 

I M at 16- .oJMl at 4.9. However, a scientist of ondnary sWl who 

seauence. See AbAl at LO, . umi . 

■ ■ ■ , ,^c-et^d nror.^m usins a heterologous leader sequence will us. the 
desires to express a seL.euQ pr-.r..m us „ 

- -u , . l..de^ to r.Mcce the .native leader sequence. (For example, r-plac. 
heterologous leader lO repLUL.^ k^x . . , 

■H. 1 of VEGF2 with a heterologous leader sequence, attache, to 
ammo acids l---r oi vnwjr- 



ac 
ac 



Dr a aronson declared that Dr. Power succeeded in producing "a biologically 

,Z. . S ' M 7 ) t dispute this charactenzation. Dr. Power did no. report any 

cdve croeem. (See Ab.-i ^f-) --^^^ 

, . • ^ 'cv*- -'^-nnned oniv an expression sviLdy. 
cavuv assay data m her declaration, ^ue .-porxeu on . . - 
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posu^o.. ^5-350.) There rs nothmg in (he opposed applioatiou te^cto.g tot o.e 
loald subsntute a heterologous leader to the 3 50 ammo acrd VEGFI^ 

,00 -he tnferenoe that could be dr.*. from all of .Ms ts that aerther HGS.(who des.^.ed 
Dr, Power's expenments) t>or >ts declarants beheve tn the 326 ammo aord mahare - 
VEGF2 tau-iht by the opposed application. 
,01 Dr Hay.ard declares that,h= is aware that VEGF2 is proteolyr,cally processed apon 
secre'hon from cells m v.vo to form the naa.rall-y occur^^s Ugand for the F.t4 ana . 
KDR-'Fllc-l receptors. (ANV., at 3.22. See also Aa^l at 3.30- 3.35.) He ,s 
mrsta.en. As I ey.p.am . my on^inal declaration ,0PR1 at 2.7.13) and agam aoove 
P..a^aph2.l5),fallyprocessedVFGF-C,mventedandpatentedbyMr.atoet 

U S. Patent Nos. 6,221 ,S39 and 6.2a3.530, £.xhibit P.^WR-U and 
E.hVi;p;wr.-14,respec..ely),isahgandforFU4.and^R/FU:.l.The350 

.mmo acd VFGF2 as taught ,n-.i.e ong^nal app-Ucatron was not taught to be a Ugand 
for'any receptor, ca^ot be expressed and secreted by cells, and has never been 
reported m the literarure to be a Ugand for these receptors. 

, „rf.H,re- that VEOF-2"ofcour3e" functions as a growth factor, 
••■t 1-rp Dr Havxvard also declare^ mat v cv^^ 

' This tlo, has never been estabhshed. The VEOF-C forms tnvented by Protessor 
..htalo-s eroup have been reported to have cenam gro«h factor acflvUres, and the 
HGS 11 aoVtcatton alleges that some untdent.Eed form of VEGF2 may have exlnbtteu 
some ^zrowth tUctoracttvity in some experiments. However, the VEGf-C 
■ polype'pttdes of .Utalo and the .19 ammo actd V-EGF2 .om the HGS 0 apphcauon 
are not the teachmgs of the opposed application. 

^ ^ ,,,-,d-clar-s "paEe4Unesl2tol4o(.Jiepatentspecification3tates 
4.103 Dr. HayvvardaUodeclar-s, p . . „,.,„,or, of 

that the VEGF.2 pob/peptides of the mvention may oe u.c>. - - ■ ■ 

VECF-- 4tpa»e24Blrhparagraphtopase25Brsrparagraphthepatem 
sn-cfication disposes th.at VEOF-2 binds to tyrosine kinase receptors on die sunace 

4 w.i; ai r^n r^owtb " f ^isHl at 3.'30.) Tnis sxatetneiit 
oftargec cells to activate endochelial cell growtn. i- - 

u- JlIU-iIq a' to the Laventors of the opposed 

falsely atmbutes tiie teachings ot Ahta.o - a... ... .. 
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,- , „ T--^ opposed aopU=at,oncon<ain. no Kachmg whatsoever of dKaann-/ 

• o.: .p=c.a„on ... . 

.... When HGS fUed its second senes of ap,.ca.oas. on ..he 419 arn.. ac,a 
'v-EGF., HGS suU had faUed to cepon .he Idenmy of any VEGF2 receptor. ,See 
Documents D44-D46.) 
J. .„SCELL..N.O.S SPECIFIC COMMENTS TO EV^B.NC..I^--.^N3V,.R. 

. ,0.. . thrs .ectrcn I to addre. an. re.atntn, pa.s of the HGS dec,arat.on3 that appear 
.■ to telate to ,ssues °f fair hasrs and sufficiency. 

''^ '^^'l^r-'eSDr Matttc. spends about two pases attemptmg to rebut tny 

::::r::a.ro:osedapp>.cattonfahsto^^^^^ ^ 

fragments, analogs, or derivattves of VEGF-2, or an.y such .a.^ents, ana,oss,.or 

denviatives with inhibitory activify. 
„ ,06 Dr Mat.tc.rtr3tcitestoExatnp>e2as a«esedlydes=nb,ng-'a.a^ent.'. (AJ^n 
. a3, Ev.n if one t^ajment is descnbed there, the appi.catton pro.des no evtd 
' ' \ or is an "rnhtbttor". Moreover, as I explam ,n n>y .,rs. 

6.6.) 

., ,07 He aisocttes an excerpt .onrpa,,. of tl,e opposed appircatton. (.MM. .-I 
' : p,a.„ tn nay .rst de.ara„on, .ts e.cerpt .s nodun. .ore than the tnven t 
attltnpttn, to characte.-.e feaoates of the contpie.e VHGF. moiec • - - 
• «.ch;n. there of fragments (OPRl at ,.4.2.) Moreover, eve. ^^ "-^^^^^ 
' ftagments, there ts agatn no teaciung or evidence of actrvtty or ^.ouo. ., 

., , OS .r Matttc. then iaanches tnto a o,scus.on of d,e e.per^entatton tlaat he couid have 
d n to n,a.e .agmehts and then test the. for acnvity or -.--V P-- ^ 
,.sc.ss,on of what Dr. Matric. -.ntght have been abie to oo to .denu.- ..a, , 
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.molecules oalv proves my oagxnai po.nt d.at the appUcadon itself taUs to teach them. 
His explanatioa of a research plan for.amvmg at active fragments, analogs, or ^ 
denvadves, or mliibitory ones, would be ur^ecessar/ ii the application had desc.bed 
any active fragments to which he could refer. 

;P AJlVn 4.31-4.33 

lOO h. para>^aphs 4. 10-4. 10.6 of my nrs: declaration I explained that claims m che 
' opposed appi.cation defining pol:^eptides by the abUity of antibodies to bmd V 
■ uclc .nv basis m the application. For example,. I e:cp lamed. that the application gives 
• no indication th.. the applicants even mtended to define an mvendon m this manner. 
(OPP , d 10 1) Dr. Mattick says he disagrees, but for support, he says that certam 
pal.s of the application "provide a vanety of suggested uses for which die defined 
-fe^entsmaybeused.- (AJMl 4.Sl),Dr. Mattick also urges that he could have . 
■ made antibodies to the .VEGF2 taught in the opposed application. (AJM.l 4.S2-4.83) . 
P> m^sses the point. ' Irrespective of whether there would be a use for the 
pob^eptides. the application itself is not directed to. such polypeptides. . Rather, they 
appear co be afterthoughts, added to the application m an attempt to cover subject 
niatter mvented after the opposed application was filed, such as "flill length" VEGF2 ■ ■ 
on which HGS filed a second application mUch later, and biologically active ^^GF-C 
PolvT^eptides that were mvented by other sc.ent.ts.. (See OPRI ac 4. 10-4.10.5.) 

n. ■ AJGl 6.1-6.2 

.no D..Gar„bl,cr=dUsHGSw«a3ucc=edmgmid=ndfy,ngaVEGF2s™and 

po.-.pep.,d= sequence. (.MOl T.s ,s .naccurMe, ,n th.t .h, proposed appU=«,o„ 
.au..». a. mcc^plete sequence tha. can.nc. be e.xpressed and secre.ed. VA«n HG. «U 

- t , 1 -r.^ v-pr,""' apr.e rh'='V fi'ed a second senes oi 

thac d-iev had identihed the complete V c G. . ge..e, tn.y 

VEGF2 patent applications. See discussion m urr^i i -. 

D44-D46. 

.,11 Dr. Gamble says that she was aware chat the cysteine residues enable the . , 

PDGF/VEGFfamUyofprocemstofbrmdimers. (AJGl 6.2) The published evuience 
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t h.v= s==n su,,«.s f.ily processed VKF-C .s d,ir=r.n. fron, othe. 
,e„>be. of toUy cystines a. nc< .nv.olved ,n fcrn^.ng cys.u-.-l,:..- 

dters. (SeeDocum«atD71atp.3907.) 

, p Dr Gamble a,l=a. cl^. "The paten. specEcanon clearly iden.Ees *at V .Gr . has , 
' ■ ,„,,„»en,c acavu.es, and desc.bes ,„ v,.o ang^ogen^c assays of VB.F-.. wh.c. 
.ol'ldl^e .oaUnely used.'^ , disagree. Tne.e . no descopdon of ^ -ro =ng.o e^c 
assavs ,n the paten. appUca..on. .^d, .0 the extent the patent specu.atton Ue., 
Td .:i.es- an.o,entc actt.t,es, is only .y assettton, .nsuppo.ed .y e.dence. In. 
. th^s ntana,e.-.;>e patent apphcation also ■■clearly Identtftes- .any othet ■ act^e 
,.oh as -to .duce .he growth of da^gedbone, periodont.un.., or hga. n. ....e. ct 
, „ pro,notethe:fotn.attonofce,nent.« w..h collagen ahertnsrowths. (.e= opposed 

application at p. 17.) ^ 

„ „3 Dr Harard!lredtha.-^th.etennVBG,F.2oonveysto.e.heideaofno,3.us,the 
iaences presented In .e paten. specincat>o„, ht.t a fann.y of related sequences, 
once a proLn has been Identlfted any gt-en sequence can he .es.ed to de.em>n. ^ 
.,e.her any annno actd changes affect the st^cral and or .^tnot,onal charge, s cs 
of that ptote.n.- . ..sunnng Dr, Ha.™ard's statetr^nts are .«e .n a genera, sen.e 
: IppW to VBGn tauglat In the opposed patent apphca.on. One can.o. to 
de.erm.ne whether annno acd ohan.es affect d-.estructwal or Rmcaonal 

aracensttcs of VBGH ta.ght tn the patent apphcatton, .eca.se the apphc.. 
does no. demonstrate a VEOF. hancon. and because ta.gn.. ,n ne .aten. 

• ' • .r»^.^d W secreted as the application taught U couid oe. 
applicaaon is not exprssi-^ aiiQ ^--^ 

J6. AiNHl 3.37-3.37.5 
1,11'- Dr Hav^ard Declared as follows: ■ ■ 
- ' ' ■3,37 Assoa-ateProressor Rogers has comir.emedtha: - 

• fragments ofpolypeptides have ao practical unliry 

wh-atsoever (see tor ■example paragraph 4. 10.2, ... , . 



associate Profesaor Rogers' Statutor/ Declaration). 
■ nearly this is aot the case, .^s asserted .n the patent 
. specincation. fragments of pob./peptides can be used to 
niake antibodies, which axe usefol both er.penmentally 
and therapeutically. Ln addition, active firagments of 
' ool-/peotides are often used m therapy as antagonists ' 
since they can compete wuh the full length version but 
aiavlaclc full biological activity. Further, such • 
' ■ polypeptide fragments could also be used as agonists 

that tr.i^ht mimic some of the biological activities of the 
■ full-leneth protem. Although the sKilled person would , 
be-aware of thas m any case, I note that the specification 
discloses the following: ' ■■ . . ■ ..h 

, Ka..v.d .i«n continues w,^. a d,3=us3,on of aUe^ed «.cK,„ss . op,os=d 

application.) ^ ■ 

, r •^;„r^PR4l0 7 Paragraph 4.10.2 made no 
Dr HarvvardhasmisstacedwhatIsaidmOPR4.lO.-. F . 

: \ ..t, whatsoever applicable to the utility of tragm-ent. of all 
sweeoms statements wtiatsoe/ci \. .^fvFGF^ 

' Tn f-Kt ir made no statement whatsoever about fragments of VEGr- 

poU/peptides. In fact, it maG , , . , . ,7 ,.,0.50 and 57-61 contained 

Umitations re.tm^^^ ^^^^ 
application -^^a 0 pr de ^ ^^^^ ^^^^^ ^^^^^ ^^^^ ^^^^^ ^^^^ ^.^^^ 

As I had explained m ..10..^. .VEGF. t^at m.^ht have utility., 

encompasses more than just fragments 0. ^cGF_ ..at m..- 

• ..-nandina . ,0.2: Dr. Ha^-vard expresses ideas that require 
4.116 In additio n to misunder.tanain^ . 

comment. 

. s.- s .ha. >Va.^=n.s of VE0F2 car. be used .a make an..bod,es winch 
,,U7 Foc e.amp.e, he sa,s - , ^ ^ ^^^^^ ^^^^^^^ ^^^^^^^^ 

are.useful therape-aticaHy. Sine, ae , , . 

effec. C-VBOf., . purely specu.a.ve .0 say mat an.*c.d.es .0 ^.E.. . co,..d 



c. [f someone develops such a therapy, it would owe nothmg to the 



therapeuti 
teachings in the opposed application. 



Dr Hx^ard also d=clar=s d«t V tCF2 annbodies can be .s=d measure elevated 
,ev,ls of VEGF2 m ,nd,v,duals, and speculates that such levels may be assocated 
„„c-r' - «ain. there Is ao evidence supporting 'Jus speculation m the paten, 
^h^auon. If son,eor..e discovers such on. asscctation and develops a worlon, 
d.;=^o.tic. that development would be due to independent research, and not to the 
,e.c'h,n.s of the oatent application. .The VEGF2 taught in the.patent application 
ca"nn'ot';e expressed or secreted bvcells, as demonstrated by Dr, .Mitalo, TTius the 
nolion of elevated levels of die VEGF2 caugk, m ,he ,ppo.ed appUcanon has thus 
been refuted. 

, „9 Dr Harvard savs6agmentsar=,often used indierapy as antagonists su-ice they can , 

■ comp-Je with the fall length version but may lac. full biological activiry. Again this 
,s rier,lv speculative, since the patent application fails todemonstrate that the fiill 
length VFGF2 has any biological function, tn fact, the Alitalo declarations 
persuasively demons.-ate that cells camiot even express and secrete Rill length 
VEGF2, as'taught in the opposed application, so the notion that there is "the full 

■ length. version" that needs antagomxing lacks credibility- 

v>0 Dr Hayw^d says soniefrag-nients may be used as agonists because they ■ nug.ht 

mimic 'some of the biolo.cal activities of the full-length P™'--" ^ ' ^^^'^^ 
. previouslv. the whole notion of biological activity or activities ol EiU length cGr.. 
lu»ht in 'the appUcatlon. is speculative, Tne notion that nagments could have been 

• . , .,; v, hes that have not even been demonstrated for mil length 
made and tesiea for activities mat nav ..u 

-,„-„i,,i,ve Tfsuch framentsvve-! found, It would be through 

V"EGF2 IS even more specuUti ^/e. ^uv-ix u ,^ _ ^ . 

the efforts of further research, and not be attnbulable to the teachings un the 

aoplicatiou- 

... i.i Dr Kav^vard also declares that d.eapplKauo^''clea^lvde^.onstrates^tha.VTGF-2 is 
■expressed at higher levels in cells denved aom ^ahgnanc tumors, [ addressed t.e _ 
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apparent errors m the relevant FIGS experiment m paragraphs 4.50-4.52.. wliich I 
repeat by reference. 

,17. AiNHl 4.1 Q ■ 

4. 1 22 Dr. Havward- declared that the process of determirung which parts of a pol:/p-ept!de 
oioiecuk are required for activity was routine by 1994. If this were true, it pre - 
■ supposes at least that the activity of the po.b./peptide was known to begin with. The 
expenmentatiOQ that Dr. Hai/ward is descnbmg could only have been performed after 
the'extansive expenmentation that would have been required to successfully express 
and secrete VEGJ2, and tiie additional experimentatien that would have been, required 
to Identify its activity (if any), and the additional expenmentation to make the mutant 
forms of VEGF2. Tliis expenmentation is extensive and unpredictable, and should 
not be credited to the .opposed application, which taught only an incomplete . 
DWJprotein sequence witiino proven activity. 

d P3 Dr. Ha-Avard declares that the specificahon hi glilights eight cysieines and a 14 amino 
acid signature motif thought to be mvolved in VEGF-2 Sanction. The specification 
identities these areas as a feature shared with the pnor art, but provides Uttle guidance 
otherwise. 

JS. AINH14.15' 

4.124 In paragraph 5.7.1 of my first declaration I explained that the opposed application 

does nJt indicate an intent to claim a genus of polypeptides Lhac bind an antibody tliat 
binds VEGF-2. Dr. Ka;Avard says he finds such an intention at page 23, lines 5-14. 
{iKhlKl at i.l50 I 't^-a^-'^ reviewed the application again but disagree wich Dr. 
Ha-/^//ard. Pases 22-24 relate to alleged methods of making and using antibodies, as 
.Dr. Haywardiater aileges himself at a_nk1 4.16. Page 23 does not indicate to Lhe 
reader an mtention to define a genus of VEGr2 polypeptides. 



LACK OF . CLARITY 



In my nrsr.declarauon I explained tliat claims 51 and 54 andclaims dependent 
therefrom are coniiising m that claim 51 seems to require admmistrahon of a 
oolvpeptide, bat dependent claim 54 seems to say that administration of the 
oolvoepdde encom-passes the act of admmistering DNA, an activity that does not 
Involve admmistrationofany polypeptide whatsoever. (OPRl 6.S.2) Dr. Mattick 
confirms mv analysis that these claims suffer from this ambiL-aity by reading them to 
permit the limitation -'administration . . . of the polypeptide" without admmistenng . 
'any polypeptide. (MMl at 4.109 ■-■4.1 12.) 



Indefimteneso o.f;'fragment, analogue, or derivative^' claims. 

5.2.1 TnedeclarationsprovidedbyHGS provide inteipretations of -'fragment, , 
analog, or denvative" language that are intended to save the claim-S from 
■ encompassing the prior art.- However, those claim interpretations, if adopted, 
raise substantial issues of vagueness which I explam above m paragraphs 
3.18-3 .25.4, and repeat hear by reference. ' Even if the standard that they 
- proposed were understandable, it would result m the scope of the claims 
changing with time, as new genes are discovered. 

5.2.2 Dr. Gamble offered the followmg interpretation of "fragment, analogue, or 
derivative" in her declaration: 

Preference is made on page 9, line 14 to page 10, line 5 
of the specification to the meaning of the ternis 
"fragment", "derivative" and "-analog". VVhen I read 
these passages I understood HQS to be sa^/ing that a 
frasment, derivative or .analogue is a polypeptide that 
■ ' retains essentially the same biological frinction or 

acuvuy as v ^o^v, ^-.^ i . . - • - '-y 

^ ^ ^3 [ a-ee with Dr. Gamble that there is some support at page 9 of the opposed 
applicatioa for this interpretation. However, I also observe that claim 56 is 
directed to a fragment, analogue, or denvative having an iriiibitor/ activir/. 
Dr. Mattick reads other ponions of the application as suggesting :hat VEGF 
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fragments can have VEGF2 inhibitoiT activity, (Ses AJMl 4.23.) Tnese 
claim mterpretations are irreconcilable. 

]2A' Dr. Gamble also offers the fo'Uowmg additional guidance about the definition 
of fragment, analogue, or derivative: ' 

While I acknowledge this basic requirement I am 
conscious of the fact that before something can be an 
- analogue, fragment or a derivative of a protein it needs 

to share sufficient identit:/ with that protein to make it ■' 
resemble that protein or at least part thereof. In my 
op inion both o f these requirements must be satisfied 
■ before a sequence of amino acids can truly be called an 
analogue, fragment or a derivative of VEGF-2. (AJGI 
. at 7.7) ■ . ■ 

5.2.5 As I e.xplain in my ongmal declaration and also above, neither the apoUcadon 

■ nor conventional scientific usage clarifies in any meaningful way what 

■ "sufficient Identity ... to make it resemble" means. (See OPPU at 4.6.3; see 
above at 3 .23-3 .24.) Even if the concept were understandable, die boundaries 
are not. . . 

Indefiniteness of ••'VEGF2 acavity." 

i s T explained m mv tirst declaration, the opposed application contains no explicit 
defimtion of VEGF2 activity (OPRl at 2.3.1 - 2.3.2.3), but suggests m.any m vivo or 
in vitro uses for VEGF2 (all unsupported by evidence), (OPRI at 2.3.3.) I explained 
in OPRl that -VEGF2 activity" and related tenns were indefmite. (See OPRi at 6.> 
6 5.1, 2.3-2.3.5, and 4.6-4. S.) HGS'3 declarations cas: ^lill faitlier uncertainty on the 
meamn- of VEGF2 activity, because they' are ambiguous about whether "V-EGF2 ■ 
activuv" means a smgle parameter or multiple parameters.. If a pob/peptide must have 
-all" of these biological activities, it would be impossible to ever com.plete die tests to 
decermine them. If "one or more'' of these activities is sufficiem.ibr;-VEGF2 . . 



,a..,V, .h=n Pnor an po.-^epc,de3 ..ve VEGF: ac.v,.y, (Se= OPRl a. 2.3.) U ,s 

necessar, for *e poljpepti., .0 r«a.n all of Ihe ..pposed VEGF2 . v,vc ana ,n 
v,.o prop^n-es; ■> -1«. ho» many such propar-aes can b= "losx" before the 
polypeptide is no longer considered to have VEGFl activrty. 

. M Dr Gamble declares that .he inmiedrately understands b,olog,cal.tact,on ot 
activttv "to tnctade a! least tn v,vo and/or In v.tro act>v,ty." (AJO! at 7 3) 
The impHcatton of thas statement is that she thmjcs every use menttoned m d>e. 
■ patent appUcatton, torn cttl^nnj vascular endotheUal cells, provtdtngcancer 
therat^v -oromotmg bone or per.odontrum or ligament growtl., etc. ts VEGF- 
.cttvitv. 'it ts sttll ambtguotts whether each alone ,s VEGF2 acuvuy or 
■ whether, together, they compnse VEGF2 activity. 



, . , Other parts of Dr. Gamble's declarat.on suggest that a single btologrcal 
" Ptnctton rs suffic.ent for"VEGF2 actrvt.y.- Forexample, in paragrapas 7^9 
and 7 10, and agatn tn paragraphs 7.15-7.18, she seems to be sugges.mg that 
testmg for angiogenic acvrty alone ts a sufficent test for. VEGF2 acttv-.ty. 



5.3.3 



Stm other parts of Dr. Gamble's declarat.on suggest tha, a smgie btologtcal 
funcaon ts NOT sufficent for ■•VEGF2 act.vtfy." For example, m .^0, -.11, 
Dr Gamble savs that whether or not a pol'/peptide promotes .ndo^heUa, call 
.ro-nk ts a means for dtsfnguishmg a polypeptide that has VEGF2 acuvrty 
from a PDGFa or PDOFb pof^epride. which she says do not promote growth 
c.endothelial cells. Here, She seems to be sa:nng that all VE(.F2 

Polvpentides have at least endothehal cell ..owrh activity (because that ,s how 
the: can be dishnguished from. PDGF poi-^eptides). TMs endothelial grow-, 
actlvitv must be m addition to the "angiogenic'' activity she says she coulc 
have easiiv screened for (in .«J.O i , .V- - . i'. atiu 

Gamble teaches that PDGF poh-.epndes also have angiogenic activi,.. (See 
T ...vin. Gamble, and Vadas, .^a-^e.xuve GBC-10 of th.e HGS evidence, at oage 
105 (PDGF "has roles in wound healing and angiogenesis 



30 



.3.4 Dr. Harvard says Chat VEGF2 activicy means -one or more" of a list of about 
seven aoiivicies that he selected from the patent application. (See AMIni 3.6) 
His list explicitly omimd m^ny other fanctions also taught in the patent _ 
■ application, such .as growth of damaged boae, penodontium, or hgament tissue 
as stated at page 17 of the opposed application. It is not clear whether Dr. 
Ka^/^A/ard now classifies one or more of these other functions as yEGF2 . 
■ ■ acdvities. (Ac paragraph 4.4. Dr. Hay^^ard makes generic reference to all of 
• the activities recited at pages 4 and 16-1.3 of the apphcation.) Dr. Ha-/^A.ard 
also IS of Che. opinion that whether the specification teaches a amque defimng 
activityfor VEGF2isiiTelev-ant. (ANHl at4.3.) • ' • 

5^3.5 Thus, even when KGS.'s declarants are trying to expiam .the alleged simpliciry 
of understanding and screemng for VEGF2 activity, they create more 
questions than answers. .If VEGF2 means ^angiogenic activity" dien why did 
tlie application teach that VEGF2 did so many other things, and how does . 
'-VEGF2 activity" distinguish the angiogenic PDGF and VEGF polypepddes 
of the.pnor art? If "VEGF2 activity" means the combmation of "endotheUal 
erowth acuvit:/" .^rD "angiogenesis activity" (per Dr. Gamble, to exclude 
PDGF from the claims), then why does Dr. Gamble suggest m other 
paragraohs of her declaratioci that Che only testmg she would have needed to 
■ do Jas testing for "angiogemc activity"? ^^d how does this definition of 
"VEGF2 activity" exclude prior art VEGF polypeptides, which promote 
endothelial cell growth and angiogenesis? If the com.bmation of '-angiogenic - 
acdvity" and -endodieUal growth activity" are the Dvo ftinctions that HGS 
savs are the critical ones for defmmg ••'VEGF2 activit;/", then why does the 

■ application identify so many other oinctions, and why do the experts broadly 
say that -VEGF2 activity is '-'in vitro and/'or m vivo" activity-^ AJid why 
(except perhaps lOr uuiusiiii'..; -1'^ "■'•.'^ ^'■^^ " - - 

• activity aiidy'or endothelial cell growth activity as die ^.vo imponanc activities. 

■ CO the exclusion of all of the other Saactions mentioned m the application? If a 
protem induces the growth of damaged bone, penodontium. or hgament tissue 

,-.^.e,i .r r a<-^- 1 7 of the ooposed application, does that -protein have VEGF2 
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activ.tV^- Does the answer depend on whether U also- promotes ang-iogenesis 
and ePdocheUal cell growth? For all of chese reasons, [ find daat the 

laradons of Dr. GarP-ble and others only conrase farther the meaning oi 



aec 

"VEGf 2 actiyity 



5 . -6 FGS-s continued ^.serxion that VEGF2 acdyit;. includes antigenic activity 
(,he ability to cause antibody production) raises snll more questions. (See 
paragraphs 3,32-3.3.5, repeated here by reference.) ■ 

5.4 ..■ Indefmiteness of "pol-ypepade binds" an antibody which binds to VEGF-2 



5.4.1 



At leas: claims 16-22 and 40-50 of die opposed application recite, or depend 
from claims 'thac recite, the Umitation "polypeptide binds an antibody which 
binds to VEGF -2". or some close variation thereof. 

0 ,HGS's declarants ask the Patent Office .o believe that antibody cross- 
^ ' ' reactivuy is- snnplv too unpredictable to draw any conclusions from look:ing at 
protem sequences. E..eniplary excerp.s from the F.GS evidence follows: 
Associate Professor P.ogers appears to suggest (see, for 
example paragraph 2.7.16) that antibodies chat bind co 
regions o f VEGF-2 chat are conser/ed with oLher 
PDGF.'VEGF family members might be cross-reactive. 
Associate Professor Rogers refers to a num.ber of prior 
'art disclosures of anti-VEGF or and-PDGF antibodies. 
: SinxplY because rwo sequences share some homology ' 
does not necessarUy imply that any antibody produced 
■ against one molecule would necessanly be cross- . 
r.^active against the other. Ln my opinion no conclusion 
can be made as to whether sequences shanng some 
homology will generate ancibodies diat are cross . 

reactive. (AJGl 7.21) 
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5.4.3 



. The fact that there some sequence homolosy between 
and VEGr and other protems does act cnean^ 
chat there is a high probubility that antibodies to VEGF- 
n will cross react widi VEGF or those other protems. , 
A^tibod-ies generally have exquisite specificiry and will 
■ onivcross react with closely related protems. I do not 
beUeve that any conclusion can be drawn about cross- 
reactive andbodies at a- theoretical or practical level. 
(AJlVtl at4..3'3) . • , 

„■ Patent Offic. accept, the ptet^tse of HQS s e.pert. tUett I belteve U 
. Should also ftnd that aQ ofU. telcvat,t dauns wt.ch attetnpt to aenne .ab,=a 
^.ttet wtth an- anttbcd, b.dtng Utnuatton a. .ndeftntte. If no pte tcttons can 
he ntade. then HGS . sav,n. that the puhttc ts te,utted to phystcaUy sceen a 
po,yp,pt>de wtth evety anttbody that anyone could ever generate agatns. 
'Jl^^ detetmine whether the polypeptide falls wtth. a c atm. 

That ta 'c'learly an .nposstble tas.. The houndanes of the elates are sull 
fcrther obscured because the cutoff level of bindtng ,s unspectfied. 

= 4 . .Vhen cnttcnn, the ..Utalo declaratton. HGS's declarants as. .he Patent 
' ■ oft-tce to beheve that the results ofanan.,bodyb.n*ngexpen.n,ent canoe 

n^atnpulated to achteve any desued result, by vatymg such paran«ters as 
antibod. chosen (because antibodtes have Afferent bindir.g atttnutes, 

, ' f „,l..clonal versus .n-.onoclonal antibodtes; the an->ount of 
selection of pol,clonal . .,„,-,l' I'e- - ^^Al at3.7.) 

anttbod.es used; and the lackofestabhshedcont^oU. I.e., 

-,c^eots HC'-s oosition on this issue, then logical!/, u 
Tf rhe Patent Utiice aucepcs ...u^ ^ , ■ . , 

„:,s. also conclude that all of th.e clanns dia. detune a genus ot polype..es b., 
■ ■ Whether thevbmd an antibody that btndsVEGfi are uBcear. .ne....--. 
Ihl^S sayin. is t.hat whether an antibody binds to a VBC. po,.epti.e 
oan bl ...nipulated to achieve a desired result, urdess a number o. parameters 
■ are carefullv defi.ned. None of diose parameters are defined the_opposen 
application or the claims a. issue, in lact, the entire notion ol . huF. . . 



. - .iv brdine r.heor.acal in che opposed appUcaUon. sn.c. no anuood.es 
• u.^n^"7 IS subject fo all of the vanables and 

also uapr=dic.ably vanable and subjec, t= n>ampulauoa, and canno. o. 

considered clear. . 

todefm«=nes3 ot-hybndi.ac-;on" language m cla,ms. 

u , K^ii"tiorlan>"a«inLheclaiinswasco,nfasingminy 
■-• » 1 .Uxplainedthatliybndi^«tionlan,-a, 

dngmal declaration. (S«. e.g., OPRl at 6 7 - 6J.2-) 

5 , Ha-«ard d.scusses hvbnd.zanon claim language at ._HH1 ^ 

■ L.at,..-.enUeadtb=wotd»e.tnd,o.cla.tns unde^ta^^ 

^lan that tbe hybndisat.on :eact,on sbouid be conducted unae. suttably . 

orlv VEGF-^ polynucleotide sequences woald 
stnngent conditions such that orJ.' \ EOl: -P yr. . ^j^i.^,) 

btnd etthe. nucleotide sequence shown in tbe.sequence b.nng (..Q ID t ■ ) 

■ or the CDNA depcstted in the ATCC depostt tdenttf.ed tn tf. paten 

■ Icat'ion or .agtnents thereof." Neediess to say. Dr. Kay^-ard s de.nmon 
specU.cauo ' .„„i H^fln^ the VEGF2 subject matter of Che 
,s totally circular. He says he ..uuid a.im. t.e v.u . 

^ ,^„^„ina V~GF2 subject matter, 
claims as encompassm, v 

• . 5 ^ TO t.e e.tent that Dr. Hayward believes that '-VEGF^" can oiclude va..-a.nts of 
TO t.ie e.< ^ .^^^ .^^ .^^^ ^^^^^ ^ ^,„„.„,„.,„ 

, b dissiLi: such— es are or .hat hybnd.ation condit.. .ot^ 
,e apPtopnate for distingutshmg them, so the metes and bounuS o. the 

cannot be ascenained. 

subject to. the penalties provided by that .-c 



. • ■ .,v b.'.evir>^ H.e statements contained in r.his declaration' to be trae 
in every particular. ' ■ 
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E CLAIMS DEHMNG THE I^^/ENTIO^. AP^ AS FOLLOWS: 

, polynucleodde eacodmg Ml leagth poWpep.de as tor^ In SEQ ID 
"^oLleoade encode, .e n.^- p..-:. pc„.o. of SEQ IB HO. ; 

, ,,»cIeoade e.od.. P-^^ r::;!;^^^^^^^ .e 
a pol-ynucieotide encoding the human ^-E>.r-. pol/.epa 

^nWi in ATCC Deposit i^c- 9'''+'' 

^^^^^ 

matute VEGF-2 pol:^epUde comprises a^o aods 2, .0 o. S 



Ol". 

a) 

b) 
c) 
d) 



f) 



g) 
h) 



a 



j) 

1) 



'it P.M. 



• -na r-e aucleocide sequence encod^^g a polypeptide. 
. polvnucleotide comprising u.e aucieocu- . h 

' ■ ^ acids -^3 to 24 of SEQ !D MO: 2i 

compnsmgaimnoaciQS -J „.„r.odlji. a polyoepcide 

, „clynud=o«de co,^-pastas tie aucleocide sequence encoa^, a . „ 

co»pnsing amino aods I to 2. of SEQ ID NO: 2; 

. poiynucleodde fra^ent of the polynucleotide accorc.g on ^ 

d) with the- proviso cuai^^iuu^.y 

.i.^rV.p-. of the oolvnucleocide of 0 , ]) or .<) , 
contiguous aucieoc:de. or tne ?Q . co-c^auous 

■• , H.nride fVa-medt which 'cr/bridises to at least co.t.. 
a polynucleotide r:a„. , s -n -^-^ of SEO TB 

.u leotides of the polyuucleocide encoding .axnmo acids -45 .o SEQ 
auUeoticeso. . ^ -^^ . ^. ,^;,br^disatioa in 0.5 M sodium.peroxide 
• KP-. 2 under the following conuxt^on.. aycr. 



N,PO, 7% sodium dodecyl sulfate (SDS) at Si and »a3i^g with 0.. x 
■ qSC 0 I % SDS at SO- C or equivalent hybridisation stmgency; 
"a pclynuoleotide comprising the complementary, form of the polynucleotide 
according to any one of a) to m). 

.olated polynucleotide according to clahn 1 where^. the polynucleottde encodes 
the full length polypeptide ^as set forth in SEQ ID NO: 2. 

.n tsolated polynucleottde accocd^g to clahn 1 .heretn the polynucleotide encodes 
the mamre protein portion of SEQ ID- N0:2. 

An isolated polynucleottde accord^g to cla^ 1 .herem the polynucleotide encodes 
the proprotein portion of SEQ ID NO: 2. 

^ isolated polynucleotide accord^g to cia^ I *h=r=^ the polynucleottde encodes 
"e human VEaF-2 Poly.epdde encoded hy the cDNA ut .TCC Oepos. No. 971.5, 

.n .olated polynucleottde accordtng to claim 1 .heretn the pclynucleottde encodes 
a polypeptide comptts^g an^o acids -.6 to 373 of SEQ ID NO: 2. 

.n tsolatk polynucleottde according to cla^ I where^ the polynucleotide encodes 
■ . polypeptide comprtslng anuno acids -23 to 373 of SEQ ID NO: 2. 

.n tsolated polynucleottde according to clatm I wher,-^ the polynucleotide encodes 
a polypeptide compr.str.g ammo actda I to 373 of SEQ ID NO:.. . 

1 tuht-r.-in the DO Wnucleocide encodes 

An isolated polynucleouae ac.otu... - - - ^ . 

• a pomon of the cnac^re VBGF-2 polypeptide cotnpns^g a^o ac.cs to . , 

SEQ ID NO: 2. 

I vi^-h-'-m tteDolvnucieotide encodes 
0 An isolated polynucleotide accorCLng to cU^- I ^ n-.-^ p ., 



ivTjeccide comynsmz amino acids -46 co 24 of SEQ ID NG: 2. 



a poiypec 



11. 



12. 



An isolated poivnucleotide according co claim I wherein <he polynucleotide encodes 
a polyp'eptide comprising amino acids -23 to 24 of SEQ ID NO: 2. ' 

An isolated polynucleoride according to claHn l wiierein the polynucleotide encodes 
a polypeptide comprising ammo acids 1 to 24 of SEQ ID NO: 2. 



13. 



14. 



15. 



16. 



An isolated polynucleotide according to claim I wherein the polynucleotide comprises 
a fragment of the polynucieodde according to any one of a) to d) with the proviso that 
said polynucleotide fragment comprises- at least 30 conug^aous nucleoddes of the 
.polynucleotides of i)., j) or k). 

An isolated polynucieodde, according to claim 1 wherein dae polynucleotide comprises 
a fragment which hybridises, to at leait 30 contiguous nucleotides of the polynucleotide 
encoding amino acids -46 to 24 of SEQ ID NO: 2 under the following conditions: ' 
hybridisation in 0.5 M sodium peroxide NaPO,. 7% sodium dodecyl sulfate (SDS) ac 
65°C and washing with 0.5 x SSC, 0.1% SDS ac 60 = C or equivalent hybridisation 
stringency. 

An isolated polynucleotide according to claim i wherein die polynucleotide comprises 
the complementar/ form of the polynucleotide according to any one of claLms 2 to 
claim 14. ■ 

An isolated polypeptide comprising ac least 30 amino acid residues a£d having VEGP2 
biological activiry further compnsing a member selected from the group consisting of: 

a) a polypeptide comprising ihe amino acid sequence or the ?-iLl lengtn 
polypeptide of SEQ ID NO :2; 

b) a polypeptide comprising the amino acid sequence of tiie macure protein ot 
SEQ ID NO: 2; 



c) 



a poh-p'eptide com.prising the amino acid sequence .of die proprotein pc^rtion ot 



. SEQ ID NO: 2; ' 

d) a polypepcide comprising che ainiBO acid sequence of the mature oolypepiide 
■ encoded by the cDNA contained .in ATCC Deposit No. 97149; 

e) a polypepcide comprising amino acids -46 to 373 of SEQ ID NO: 2; 

t) a polypepcide comprising amino acids -23 to 373 of SEQ ID ^fO: 2; _ 
a polypeptide comprising amino acids 1 to 373 of SEQ ID NO: 2; 
a pordon of che matare VEGF-2 pol^-pepcide comprising amino acids- 24 to 373 
ofSEQIDMO:2; 

i)- ■, a polypepcide comprising amino acids' -46' CO 24 of SEQ ID NO: 2; 

j) a polypeptide comprising amino acids -23 to 24 of SEQ ID NO: 2; 

k) a polypeptide comprising amino acids I to 24 of SEQ ID' NO: 2; . 

1) a polypeptide' comprising an active- fragment of -the VEGF2 polypepcides - 
according to any oae of a) to d) widi the; proviso that part' of said polypepcide 
fragment is encoded by at lea^t 30 contignou3 nucleotides of the polynucleodde 
■ encoding the polypepcide of any one of i). j) or k); 

m) a polypepcide fragment comprismg an'amino acid sequence, encoded by a 
■ • polynucleotide sequence which hybridises to at least 30 conti-icus aucleotides 
of the polynucleotide encoding any one of the polypeptides of i), j) or k) under 
the foUowing coadicioos : hybridisation in 6.5 M sodium peroTclde NaPO,. 7 % 
sodium, dodecyl sulfate (SDS) at 65'C and washing with 0.-5 :c SSC, 0. 1 % SDS 
at 60-' C or equivalent hybridisation stringency . 

An isolated- polypeptide accorduag to Claim 15 comprising the amino acid sequence 
of the full length polypepcide of SEQ ID N0:2. . 

An isolated polypeptide according to Claim 16 -comprising the amino acid sequent 
of the marare portion of SEQ ID NO: 2. 

An isotacci pol-^epcide according to Claim 16 comprising a polypepdde comprisin 
che amino acid sequence of die proprocein pordon of SEQ ID NO: 2. 



,0 A. isolated oCypcp.d. according <o Ca^ U co.pr.u.g ^ acid se,ue=c= 
„; Che ^..re VHGF-i pol-,pepdd= eroded br^= cDNA .on^^- » A->- Depos. 

No. 97149. - 

J- n-iir- In rnmnr'isiiicr amino acids -4-6 co 373 or 
21. An isolated poiypepade^'^'^^^^'^S ^° '^'^P^^^^ 

SEQIDN0:2. 

K. A. .soiaced po.ypepdde accord:., Cla^ 16 con^pfis^g a^o ac,d3 -23 .o 373 of 
SEQ ID NO: 2. ' ■ ' ' . 

An iaclated polypepdde accord'^g .0 Glann 16 conanr^ing ann.o ac.d. 1 Co 373 of 
SEQ ID NO: 2. ■ 

A. .soiated pomoa cf 4e n.«re VEGF-2 polypepdde accordu^g <o Ciaan 16 
comprising ammo acids 24 to 373 ofSEQ ID NO: 2, 

CT aiiiiao acids -46 co 24 ot 
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,J . . An.isoU=d polypeptide according Co Cla^ 16 comprcsmg 
SEQ ID NO: 2. 



26. Aa 

SEQ ID NO: 2 



isolated polypeptide accordmg to Cla.m 16 compAmg amino .cds -23 to 24 of 



27. 



An .dated polypepttde ac=otd-mg toClann 16 comptisMg amino acids 1 to 24 of SEQ 



ID NO: 2. 



, . , ...,de according CO Claim 16 comprismg a fragmeut of any one of 
28. Anisolated pclypepcae accorain., . . _ _^ ^^^^ 

nolvoeoddes of Claim.. 16 to 20 with r^e proviso tnac p^. u. o... 

^ . , at least. 30 coud^^aous nucleotides of the polynucleotide 
fragment is encoced by at least ju cuci-= 

enc'oding the polypeptide of a4.y one of Clakns 25 :o 27 . 

A. .olated polypeptide according to Claun 16 cotnpnsing an ani^o acid s^^ence 

,o . i ■ ■ 
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eacndeH bv a polvnucieodde sequence -Waica hybndises cc at leas. 30 conuguous 
nucleoudes of "^e oolvuucleoade eucoding any one of the polypeptides of ClaH.s.2o . 
,0 .7 under the foUowmg condxtions: hybridisation in 0.5 M sodiutn peroxide NaPO, 
7% sodium dodecyl sulfate (SDS) at 65^C and washing withO.5 x SSC. 0.1% SDb . 
at 60^,C or equivalent hybridisation stringency. 

^ ,0>a<ea pc.-ypepd.e acccrd^S - any one of Cla^s 16 to 29 mnher coo^ns^g 
a heterologous polypeptide. 

..n isolated polypeptide accord^g to aay oae of Cla^ 16 to 30 tather co,..pr.u..g 

a homodimer. 

isolated polypepc.de according to any ot>= of Clattt. 16 to 3 1 Wnetetn t.e " 

polypepcide is glycosylated. _ . .. / 

cotnposittoo compnstag tie polypeptide aocordtag to any one of ClaitP. 16 to 32 
ot 40 and one Of mote phannaceuttcaily acceptable carriers and /or dtluents. _ 

^ vector comprising tie polynucleotide according to any one of Claims 1 to 15 . 

^ r^^ombu^t vector comprising tie polynucleotide according to any one of Clanns 
1.15 operatively associated with a regalator/ sequence that controls gene express.on. 

host cell compristng the polynucleotide accordtng to any one of Cla^ 1-U 
operably assoc.ated with a heterologous re-julato., sequence or a vector compr,sm, 

same, 

A'^rr -r. n-nf- of Oaim*^ 1-15 rirtiier comprising 
The polytLucieoGde sequence ac^ut^ — 13- 

a.heceroiogous poWnucleQcide. 
, The oolynucleottde sequence of Claun 37 fiarther comprismg a polynucleotide whtch 
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encodes a hecerologous polvyepcide. 



39 ■ A mechod for producing a VEGF-2 polypeptide ac least comprising che .step of 
culranng the genetically engineered host ceU of Claim 36 for a time and under 
conditions suitable for tiie expression -of the polypeptide encoded by said 
■ polynucleotide to occur. 

40. A polypeptide produced by the method ofClaixn.39. 



41 



42. 



A conir^osition comprising the polynucleodde according to any one of Claims 1-15; 
37. or 38 and one or more pharmaceudcally acceptable carriers and'or dHuencs. . 

Use of the polynucleotide according to any one of Claims 1 co 15, 37 or 38. or the ■ 
ooivoeodde according to 'any one of Claims 16 .to 32 or 40 m the preparation of a 
medicament for che treatment of a padent having need of hum^ V^GF-2 polypeptide. 

■ An antibody which is capable of binding to che polypepude' according to any one of 
■Claims 16 to 29 with the proviso that die antibody is not capable of binding to a • 
•polypeptide consistmg of amino acid residues 24 to 373 of SEQ ID NO: 2 or a: 
fragmeat thereof. ■ — 

antisense construct capable of bmding to the polynucleotide accordmg to any one 
of Claims 1-15 or a complementary form diereof with the proviso that the antisense. 
' construct is not capable of bmding to a polynucleotide sequence encodmg amino acias 

■ 24 to. 373 of SEQ ID NO: 2 or a fragment thereof. 

\ method of stimulating proliferation of endothelial ceUs m a patient comprising 
admmisterm. to the patient the polypeptide according, to any one of Clamis lb to 32 
or 40 for a time and under conditions- sufficient for die proliferation or endodielial 
cells CO occur. 



The method of Claim 45 wherein the patient has vascuiarara tissue damage. 

The method of Claim 45 wherein the parient has a wound, tissue damage .or bone 
damage.. 

The mediod of Claim 45 wherein the pacient has. ischemia. 
' The method of Claim 45 wherein the patient has myocardial infaxction. 

Tne m^ethbd of Claim. 45 wherein the patien: has corohar/ anery disease, peripheral 
vascular disease or CNS vascular disease. 

The method according\o any one of Claims' 46- to' 50 wherein 'the stimulation of 
endothelial ceU proliferation is capable of mnher stimulating angiogenesis. ' 

. The isolated polynucleoude according to any. one of Claims 1 to 15, 37, 3S or 44 _ 
subs-tantially as hereinbefore described with reference to the Figures and /or Examples. 

The isolated polypeptide according to' anyone of Claims 16 to 32 or 40 substantially 
as hereinbefore described with reference to the Figures and/or Examples . 

Tne vector of Claim 34 substantially as hereinbefore described with r-eference to. the 
Figures and/or Examples. • . 

The host cell of Clami-36 substantially as hereinbefore described with reference to.the 
Figures and/or Examples. 

Tne method according to any one of Claims 39„ 45 to 51 substantially hereinbefore 
described with reference to the Figures and/or Examples. 

■ The use according to Claim 42 .substantially. as hereuibefore described widi reierenc 
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to Lhe Figure^i and/or Examples. 

^3 The composition of Claim 33 or 41 substantially as hersinbeiore described with 
reference to me Figures and/'or Exajnpies. 

DATED this EIGHTH day of NOVEMBER, 1999 
Human. Geuome Scietice:^, Inc. 
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I HE CLAIMS DEFINING THP ' NV?=!::'I12^'_:lf^EA:^Y2UJ^,vn Z 

1. An isolated polynucleocide comprising a pQlynucleocide sequencs sslected from 

the group consiSting'of;- 

(a) a polynucleotide seq.uencs encoding a polypeptide comprising an 
amino acid' sequence as sec forth in SEQ JD N0:2; 

(b) a polynucleotide sequence encoding a polypeptide comprisinG an 
amino add sequence as set forth in SEQ ID NO:4; 

(c) a polynucleotide. sequence encoding.a polypeptide comprisi/ig amino. 
■ acid 39 to amiino acid -233 of SEQ ID N0:2; 

, (d) a- polynucleotide sequence- having .at least 70%' identity to the 
■ ■ . ■■ polynucleotide sequence of (a), (b) or (c) and encoding a polypeptide having TNF-.' 
delta and/or TNF-epsilon activity; 

(e.) " .a polynucleotide sequence compnsing at least 30 contiguous bases of 
• " the polynucleotide sequence of (a). (b), (c) or-(d) and encoding, a polypeptide- 
having I NF-delta and/or TNF-epsrIon activity; ■.. ■ ■ 

. . ; - (f) - a polynucleotide sequence compnsing at least 50 contiguous bases of 
the polynucleotide sequence of (a), (b)-; (c) or (d) and" encoding a polypeptide 
■ haying TNi=-delta and/or TNF-epsilon activity; 

(g) .a polynucleotide sequence connprising a fragment of the 
" polynucleotide sequence of (a), (b), (c) or (d), wherein said fragment encodes a 

,.- polypeptide that retains TNF-delta and/or TNF-epsilon activihy; ■ 

(h) a polynucleotide .sequence of (g) vyhich encodes at least 30-50 amino 
a.cids of SEQ ID No's 2 or 4; and 

(i) a .-. polynucleotide sequence which is complementary ' to the 
polynucleotide sequence of (a), (b), (c), (d), (e), (f), (g) or (h). 

2. The polynucleotide of Claim 1 wherein the polynucleotide is DNA. 

3. The polynucleotide of Claim 1 wherein the polynucleotide is RNA. 

. ■ 4-. The polynucleotide of Claim 1 wherein-.the.polynucieotide is genomic DNA. 

5. The polynucleotide of Claim 2 which encodes a polypeptide comprising the amino 
acids of SEQ ID N0:2. 



6. The poiynucleolide of Cla.m 2 wh,ch encode, a Poly.enS,;. c-on ■ ■ 

acid 3S to 233 of 3EQ ID N0:2. ^'-"T^Pnsing amino 

"'■"ecoiyn"c!sctideofClaim2whicnencnrio=-,„, 

aces of SEQ ID, N0:4. ° ' ""^"^'"S -=-ino 

:;r " ^-^^^^ ^ ---- — - -.o 

(a) ./""'y^^a^Me Which encodes a nna.uraoolypep,idehavino the anino ' 
ao. seooence e..ssed .y ,he h..en cDM. contained ,h ..co CTno ,■ 

(b) ^''"'Vhuceotide Which encodes a mature polypeptide havino, he am,no 
a.. s..oence expressed d. the homan dO.A contained in .ATCC Deposit Z 

10 a ..polynodectide seouence having at leas. "70% identitv t- -h. 

polynucteotide sequence offa) or (hi »nrf=„ w ' "'° 'He 

^ '°'°'"''^"'^^"':0'^'"S a polypeptide having rNF.d=lta 

and/or I NF-epsilon activity; , , a ' i^t- ^-ita 

(d) a poiynuoieotide seouence comphsing a, least 30 con.iouous .a.es of 

me polynucleotide of (a) (b) or (c) and »=n^o,^- " ' 

' PO'^ynucleotide sequence connpnsing at least 50 contiguous bases .f 
the polynucleotide sequence of (.a) (h) or (c^ ^r<^ -n^n-n- ' ' 
TNF-d-ltP -nd/o. TN,c ■, encoding a polypeptide having 

1 iMh-doita ^nd/or TNF-epsilon. activity; . . 

(f) = polynucleotide connphsing a fragment of the polynucleotide Of (a) ,d) 
-(0), ,w ere,n said fragment encodes a polypeptide that retains TNP-delta and/o 

' i^H--psilon activity; 

_^ Jg,' ^ a polynucleotide sequence of (f) which encodes at least 30-50 ammo- 
o..-. o, .he polypeptide encoded by ATCC Deposit No's 97377 or 97457; and 

(h) a polynucleotide which is rnmnicm=^t^ 

, , ^ complementary to the polynucleotide of (a) 

(c), (d), (e), (f) or (g).. . • . 



10. I he polyn-udeotids cf. Claim 1 comprising from nucfsotide 447 to audeciide 17i7 
of SEQ ID NOi'l. " 



T1. The polynudeotide of Claim 1 comprising from nucleotide 332 co nudeodde 1717 
of SEC. ID N0-.1. ■ ' 



12. The polynudeotide of Claim- 1 comprising from nucleotide 1 to nucleotide 56^ of 
SEQ 10 N0:3. 



13.-. A vector Gorapnsing..the DNA-of Claim 2-. 

■ 1.4. A host cell oomprising the vector of Claim 13. •■ ' ' 

15. A process for produdng a polypeptide comprising expressing from the" host cell. of 
Claim 14 the polypeptide enooded by the ONA In said vector. 

. 16. A process- for produdng a"cell comprising genetically engineering the cell vvith ihe 
. vector of Claim 12 to thereby express the polypeptide encoded -by the human 
cDNA contained in the vector.. 

1 7.A polypeptide comprising a member selected from the group consisting. of:- 

(a) a polypeptide having an amino add sequence as set forth in SEQ ID - 
NO:2; ' ■ ■ 

(b) a pdypeptide having an amino acid sequence as set forth' in SEQ ID 

N,0:4; 

(c) a polypeptide comprising, amino acid residues 39 to 233 of SEQ ID 
.NO:2; ■ . . . ■ 

(d) a polypeptide comprising am,ino acid residues 1 to 186 of SEQ ID 
NO:4; ■ .■ ' 

(e) a polypeptide having at least a 70% identity to the pdypeptide of (a), 
V-/. V-/ r-; Mcvniy . i-<i--(jcii.a c-nu/or i iNh-epsiion activity; 

(f) -a polypepcide comprising at least 30 contiguous amino add residues of 
the polypeptide of (a)., (b), (c). (dj or (e) and having TNF-delta an.d/qr TNF-epsilon 

activity. • • 



IS. The 



polypeptide of Q.ainn 17 wherein the .oolypeptiae comonses a^.no . • 
ammo acid 233 of SEQ ID M0:2. ' " ° ^ 

19. The polypeptide of Claim 17 wherem the oolyceotide cr-m. 

amino aod 233 of SEQ. ID M0:2. - • ' ' '''' 

20. The polypeptide of Claim 1 7 wherein the polypeptide comons^. : 

amino acid 1,38 of SEQ ID N0:4. " composes .m,no acid 1 to 

21. Acompoundwh,ch.inhib,tsaotiv3tionofthepolypepcideofei^^^^^ ' ■ 
.22. A. method for the treatment of a- patient having, need of TNF deit- r. • ■ " 

. . .... ....... ..... 



23. A me.od for...e n, o, a pa.en, .av.ng nead of TNP, eps.lon .co.onsino 
adminisisnng 10 the patisnt a thsraoeuncallu -f'-^.- ^mpnsing 
ofClaiml7. ^''^^""""y ='f'":"-'e amount of the Bolypectide 

24. method. Of ctatm 22 wherein said the.apeu,ica„y elective amount of the ' 
oypsp,, e ,s, administered p. providing to the patient ONA encodino saL 

P0iypept,de and expressing said -pQlypep„de«./.o.. - 

25. A method Of C,3im 23 where.n said tharapeu.-caiiy effective amount of ,h. 
Poypept,de ,s adm,n,stered Py providing to the patient ONA encodino sl^ 
POlypept,ae and expressing sa,d polypeptide in v/.vp. ' 

26. A methpd for the traatmen, of a Patient hav,ng need to Inh.P,, a TNF daita 
Pdtypaptide comprising administenng to the patient a therapautioalty effective 

amount or Che compound' of Claim) 21. ■ ' 

27. A method for the treatment of = n-'f^nj- h-, ■ 

^ " ^^^'"5 need to inhibit a TNF sosiion 

. P°'yP=P^'de comprising admmisterina to.^the oatien— th..--^ •■ n 

amount or the compound of Claim 2.1 . 



.8^ A process for diagnosmg . .iseasa or a s.scc,c«t.ili,v = di—s- , 

undar.exprass,on. of ma polypap„de of Cla,m ,7 '000,00= ' "'^ '° 
™.a.on in a n.ca.c acd sedoe.ce enoocn, sa,d po,;:::::^ "'^^^'"'"^ ^ 

29. A diagnqsis prodasd compnsing analysing for the prss.no= of '. 
claiml7,nasampledarlvaafromahosi. " BolypapMds of 

30, A mathod for ,dan„fying compounds wf,ioh bind ,0 and inn,br -r- ■ 
POIypap„daofCla,m.l7oompnsing:. . '"-1"=" =c.,va„o„ of ,he 

contaorlng a oall axprassing on (he surfaca theraof a re-a.,or 
Polypapeida. sa,d recaP.or .a,ng as30d,afed wl.n a saoond oompone"; 1 
Pfoy,d,g a dafaoudle signal ,n responsa ,0 ..e PIndIng of a co™ r,: " J 
^=cep,or, w,m an analytically de.ecable TNF.dalfa polypeptide and -T 
ondar oondi„ons .0 parm.f p,„ding ,0 ,na raoap.or; and' ' ' ' 
; . aa,ermlning.wh.,ner me.oompound oinds ,0 and Inh.oifs ,ha r.^eolo, 

d |. : : ^ ^--^'^^ -^^^ .nferaollon of J t ' 

deka With the receptor. . .... ^' "-^'^ '^Nr 

.31. An.s_o,ate. po.ynuCeotide composing a pCynuc.eotide sequence hav.no a. le^s^ ' 
, SO. .en.y to a n.en.5er of .e group (a), (.), (c). (.), (e). (O, (,) o. (.); 

32. ..^o^ ^ po,vnuc.eo..e con.p.3,n. a pcyn.ceot.e sequence .av.ng.a. .as. ^ " ' 

. ,den uy to a .e.ber of the group (a>, (b), (c), (d). (e), (0, (o) or (h) in Ca,. 1 

=00 encoding a polypepcide having TNF-d==lta =nd/nr tm- . ' ■ 

a 'N. -v-^ua =nd/Qr TNF-epsiion activity. 

33. An isolated polynucleotide comprisina a polynucl-ocida 

• = Mui/nuci>-ocide sequence encodna a 

o .pep., a wl. T.P.delfa and/or TNP-eps,lon aot.vify and w.,cn nyPndlae: to ' 
me oo„p,emen, of ma polynuclao.ida se, fo«h In S6Q id NO,i whara,n sa,d 
TT'°: hyprldlsalion In a b..; 

• .. . " =1 C ond wasn m a solution 

CQnsiscing or 0.5 X SSC, 0.1% SOS at SO'^C. ■ 

34. An isolated polynucleotide comprisng a polynucleotide sequence' encodino ' ^ ' 

polypeptide with TNF-deita and/or TNF-eps,lon ac.v.tv . h ■ ' 

-M-iion acLivuy ond which hybridises to 



-70- ■ 

•■ the compisment of the polynudeotide set 'forth in SEQ ID N0:3 wherein sair^ 
hybridisatiGn occurs, under conditions comprising hybridisation in a bufr-"- 
consisting of 7% SOS, G.5 M NaFO. pH 7.4 at 65^C and wash in a soiuiion 
consisting of Q.3 x SSC, 0.1% SOS at 60°C. 

35.. The isolated polypeptide of Claim 17 wherein said polypeptide comprises an 
amino acid sequence having at least S0% identity to a member of-said group (a), 
(b), (c), Cd), (6) or (f) and retains TNF-deita and/or TNF-epsilon activity.' ~ ' ' 

36.,The isolated polypeptide of Claim 17 wherein said polypeptide compnses an 
amino acid sequence having at least 95% identity to a member or said group (a), 
(b), (c), (d).; (e) or (f) and retains TNF-dtefta and/or TNF-epsilon activity. - 

37. An isolated poLynucJeotide according to any one of Claims 1 to 12 or a vector ' 
according to Claim 13 or a host cell according to Claim .14 or a process according 
to Claims 15 or 15. or a polypeptide according to any one of Claims 17 to 20 or a 
compound according to Claim 21 or a method according to any one of Claims 22 
■to 30 or a polynucleotide according to any one of Claims 31 to 34 or a polypeptide 
according to Claim 35 or- .36 substantially as' hereinbefore ' described vWth 
reference to. the Figures and/or Examples. - ' .. 
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such polypepdde and a orccedure for producing suci polypeptide oy 
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.AIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



>a Lsolaced polynucleotide which .encodes a tumor necrosis factor (TNF-y) 
polypepude, wherein said polynucleotide comp-rises a nucleotide sequence selected 
from the group consisting of; . . 

(a) a nucleotide sequence encoding amino acid residues -25 to 149 of SEQ ID 
N0-:2; ■ ' ■ . 

(b) ' a. nucleotide sequence encoding the full-length. polypeptide encoded by the 
human cDN A contained in ATGC Deposit No . 75927 ; . 

(c) a nucleotide sequence encoding amino acid residues 1 to 149 of SEQ ID N0-.2; 

(d) a nucleotide sequence encoding the mature polypeptide encoded by the human 
cDNA contained in ATCC Deposit No. 75927;' , 

• (e) a homologue or ahalogue of any one of (a) to (d) , wherein said homologue or 
■ analogue is at least 70% identical to any one of (a) to (d) and encodes a peptide or 
polypeptide having TNF-Y activity; 

■ (f) a.fragment of any one of (a) to (d), wherein said fragment comprises at least. 
30' contiguous nucleotides in length derived from any one of (a) to (d) ; ■ 

■(h) a nucleotide sequence of at least 30 nucleotides in length Lhat is capable of 
hybridizing to any one of (a) to (e) wherein said nucleotide sequence encodes TNF-y 
or is derived from a nucleotide sequence that encodes TNF-y ; and 
(i> a nucleotide sequence complementary to any one of (a) to (h). 

2. The isolated polynucleotide of claim 1 wherein said nucleotide sequence 
encodes amino acid .residues -25 to 149 of SEQ ID N0:2. 

. 3 ' The isolated polynucleotide of claim 1 wherem said nucieuude sequence 
encodes amino acid residues 1 to 149 of SEQ ID N0-.2; ■ 

4. The isolated polynucleotide of claim 1 wherein said nucleotide sequence encodes , 
th.e tull-lengdi polypepdde encoded by .the humar^ cDNA.contained in ATCC Deposit 



R.OM2iJ7-'>5.CLi'.l ■ -«6'5^ 
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No. 75927. 

5 The isolated polynucleotide of claim- 1 wherein said nucleotide sequence 
encodes the mamre polypeptide encoded by the human oDNA contaLned in ATCC 
Deposit No. 759^7-. 

6... The isolated polynucleotide of claim 1 wherein the percentage identity to a 
homplogue.or analogue of any one of (a) to (d) is at least 95%.. 

7. ■ The isolated polynucleotide of claim 1 wherein the fragmenc of any one of (a) 
to (d). comprises at lea^t 50 contiguous nucleotides in length derived from -any one of 
(a) to (d). 

8. An isolated polynucleotide which encodes a tumor necrosis factor (TNF-y) 
polypeptide, wherein.said polynucleotide comprises the nucleotide sequence set fonh 
as SEQ ID NO: 1 or at least 30 contiguous nucleotide residues-derived therefrom. 

9. An isolated polynucleotide which encodes a tumor necrosis factor (TNF-y) 
" polypeptide, wherein said polynucleotide comprises a nucleotide sequence which is 

identical to the nucleotide sequence of the human cDNA contained in ATCC Deposit 
No. 75927 or at least 30 contiguous nucleotide residues derived therefrom. 

10. ■ An isolated polynucleodde' that comprises a nucleotide sequence that is 
, complementary to the nucleotide sequence of the isolated polynucleotide according to 

claim 8. 

11. " An isolated polynucleodde- that comprises a nucleotide sequence that is 
complementary to the nucleotide sequence of Lhe isolated polynucleotide according to 

claim 9. , 
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1^- 

DNA. 



The isolated polynucieotide according to any one of claims 1 to 1 1 compnsmg 



13 The isolated polynucleotide of claim 12 wherein die DNA is genomic DNA. 



14. A vector 
1 to 13. 



comprising the isolated polynucieodde according to any one of claims 



15. A:host cell transformed or transfected with die polynucleotide according to any 
one of claims 1 to 13 or the vector of claim 14. - -- ~- ; - " 

16. ■ The isolated polynucleotide according to any one of claims' l' to 13 inoperable 
connection with aheterologous regulatory sequence which controls gene expression. 

IT ■ A- method' of producing a polynucleotide which encodes TNF-Y comprising 
hybridizing at least 30 contiguous nucleotides derived from SEQ ID N0:1 under 
stringent, hybridization conditions with nucleic acid for a time, ar.d under conditions.. 
. sufficient for hybridization to occur and then detecting said hybridization.. 

18 A method of producing a tumor necrosis factor (TNF-y) polypeptide, said 
metiiod comprising incubating- or growmg the host cell of claim 15 for a time- and 
under conditions sufficient for expression of -the polypeptide encoded by the , 
introduced polynucleotide in said ceil to occur. 

19. . A m^etiiod of producing a cell capable of expressing a a-cumor necrosis factor 

. . . : >*«Tnf-f=.r-ti-na ci r^pU With 

(TNF-Y) polypeptide, said mediod compnsmg craii^iuiuiuxs u. » - 

the vector of claim' 14. 

20. A recombinant tumor necrosis factor (TNF-y) polypeptide when, produced by 
' the metiiod of claim 18. ... 



21 An isolated or recorabinanc tumor necrosis factor (TNF-y) polypeptide which 
comprises an amino- acid sequence selected from the group consisting of: 

(a) amino acid sequence shown as residues -25 to 149 ofScQ ID N0:2; 

(b) amino acid residues 1 to 149 of SEQ ID"N0-..2; 

(c) the amino acid sequence of the full-length poTypepcide encoded by the- human 
cDNA contained m ATCC Deposit No. 75927; 

■■(d) .the amino acid sequence of the' mature polypeptide encoded by the human 
cDNA contained in ATCC Deposit No. 75927; 

(e) the amino acid sequence of an analogue or derivative of any, one of (a) to (d) 
wherein said analogue or derivative is at least 70% identical to "any one of (a> to (d> • 
and has tumor necrosis factor (TNF-Y) activity; and .. . 

{t) ' a fragment of any one of (a), to (d) that is encoded by at least 30 contiguous 
nucleotide residues present-in SEQ ID;N0:1 or the human cDNA contained in.ATCC 
Deposit No-. 75927 or a degenerate nucleotide sequence thereto. 

22. - The isolated or recombinant polypeptide of claim 21 comprising amino acid 
residues -25 to 149 of SEQ- ID N0:2. -■ 

23. The isolated or recombinant polypeptide of claim 21 com.prising amino, acid 
residues 1 to 149 of SEQ ID N0;2. ■ 

■ 24. The isolated or recombinant polypeptide of claim 21 comprising the ammo acid 
sequence of the full-length 'polypeptide encoded by the human cDKA concained in 
ATCC Deposit No. 75927. 

. , • . . r_ _ . _ J - c ^ I 1 1 <-r-.r^ fi' f-irr the*- •nm mn pPlfi 

25 The isoiatea or recomoinonc puiy^cuauc ul uimxii i.^ v^uiaii^^i^^-e? 

sequence of che mauire polypepcide encoded by the human cDNA contained in ATCC 
Deposit No. 75927. 

26. An antibody which' binds specu'ically to the isolaced or recombinant 



polypeptide according to any one of claims 20 to 25. 

27. A compound which antagonises i±ie acdvity of die polypeptide according to any- 
one of claims 20 to 25 or a naturally -occurring form of said polypeptide, wherein said 
comiDOund was not known previousiy to antagonise die activity of said polypeptide. 

"28. A compound which agonises the activity of die polypeptide according to any 
one of claims 20 to 25 or a naturally-occurring fonn of said polypeptide, wherein said 
compound was not known previously to agonise die.activity of said polypeptide. 

29. '.A mediod of treatment of a patient having need of human TNF-y comprising 
administering' to die patient' a therapeutically effective amount of the polypeptide 
according to any one of claimiS 20 to 25 or the compound of claim 28 or a composition 
eom.prising said polypeptide or said compound. . 

30. A mediod of treatment of a patient having need tO' inhibit human TNF-y 
.comprising administering to the patient a therapeutically effective amount of the 
compound according to claim 27- or a composition com.prising said compound. 

31. A pharmaceutical composition comprising the polypeptide according to any 
one of claims 20 to 25 in combination with a pharmaceuticaily acceptable carrier. 

32- The method of claim 29 wherein d^ie polypeptide according to any one of 
claims 20 to 25 or die composition comprising said polypeptide is administered by 
providing to the patient DNA encoding said polypeptide and expressing said 
polypeptide vivo. 

33. -A method of identifying a modulator of human TNF-y activity comprising: 
(a) combining endodielial cells, Con A, CHl±ymudine, and a compound to be 
tested for modulatory activiry with the isolated or recombmanc polypeptide according 
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to any one of claims 20 to 25 for a time and under condidons sufficient for human 
TNF-Y activio/ to stimulate ['Hlthymidine incorporacion into said endothelial cells; 
and 

(b) determining Lhie level of f Hldn.'yrradine incorporacion in (a) compared to the 
[^H]thymidine incorporation obtained in the absence of said compound, 
wherein a variation in ['^H] thymidine Incorporation indicates that said compound is a 
modulator of TNF-y. acdvity . • ■ • ' . 

34. The method of claim' 33 wherein the modulator of human TNF-y is "an agonist 
of humian TNF-Y activity. 



35 ' The method of claim '33 wherein the modulator of'hum.an TNF-y i-s an, 
antagonist of human TNF-Y activity- ■ 

36. . A compound which agonises Lhe acdvity of human TNF-y when identified by 
the method of claim 34, wherein. said compound was not teown previously to agonise 
TNF-y acdvity. 

37. ■ . A compound-which antagonises the activity of human TNF-y when identified , 
by Lhe mediod of claim 35, wherein said compound was not known previously to 
antagonise TNF-Y accivit:/. 

38. A method of diagnosing, a disease in a subject or a susceptibility of a subject to 
a disease, wherein said disease is related to a mutation in the TNF-y -encoding 
aucleocide sequences of said subject, and wherein said method comprises detennimng 
a mutation in a nucleotide sequence of said subject which encodes TNF-y using the 
isolated polynucleotide according to any one of claims. 1 to 13- or a chemically- 
synthesised oligonucleotide comprising an identical nucleotide sequence thereto or a 
vector comprising said nucleotide sequence. _ 
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39. The method according to claim 33 wherein the muiation is determined by 
comparing the nucleotide sequence of the subject which encode:5 TMF-.y with the 
nucleotide sequence of the aucleocide according to any one of claims 1 to 13', and 
wherein a diiierence bervveen said nucleotide sequences is indicative of the mutation. 

40. The method according i:o claim 38 or 39 when used to diagnose a tumor or a 
susceptibility to a tumor in a subject. 

41. -.-A method of diagnosing TNF-y exp-ression- in a subject comprising analysing 
a. sample derived from said subject for die presence of the polypeptide according to 
any one of claims 20 to 25. ' 

42. The method accocding to claim 41 comprising contacting a biological sample 
derived from said subject with an antibody molecule capable of binding-to the Isolated 
or recombinant polypepdde according to any one of claims 20 to 25 for a time and uader 
conditioas sufficient for an antigen-antibody complex to form and tlien detecting said 
complex formed. 

43. A method of- inhibiting tumor cell growth in a subject comprising 
administering to the subject a therapeutically effective' amount of the polypepdde 
according to any one of claims 20 to 25 or the pharmaceutical composition according 
to claim 31 for a time and under condidons sufficient for tumor growth to be 
inhibiced. 

44. Use of the polypeptide according to any one of. claims 20 to 25 in the 
manufacture of a medicamient to inhibit tumor ceil growth , induce ceil adhesion or 
promote endothelial cell growth- in a human or animal subject. 

45. Use of the isolated polynucleotide according to any one of claims 1 to 13 or the 
vector of clann 14 in the manufacture of a miedici^jment to inhibit tumor ceil growth , 
induce cell adhesion or promote endothelial cell gro^^ah in a humian or animarsubject. 
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■46. Tne vector of claim 14 subsiantially as hereinbefore described with reference co 
the Figures and/or Examples. 

47. The host ceil of claim 1 5 substantially as hereinbefore descnbed with reference 
to the Figures and/or Examples, 

48. The method according co claim 13 substantially as hereinbefore descnbed with • 
reference to tlie Figures anid/or Examples, ■ . 

49. The method according to claim 19 substantially as hereinbefore described with 
reference to the Figures and/or Examples. 
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Designing the-Peptide 

Probably me most frequendi/ asked question concer-ning synthetic 
peptides is what sequence should be used for the immunogen (re- 
viewed in DooLitTie 1986). i^Jthough there is no one correct answer, 
enough anti-peptide antibodies have been raised to make suggestions 
for oeptide choices. However, preparing anti-peptide antibodies is atill 
an empirical exercise. What works well for one immunogen may fail 
completely for another. 

Choosing me Appropriate Peptide Sequence 
With careful svnthesis, coupling, and immunizations, most sequences 
can be used to induce antibodies specific for the peptide itself. When 
considering which' sequence to use, most people actuaUy want to know 
how like'v will it be that the anti-peptide antibodies will recogmze tne 
native protein.' Early work suggested that, peptides containing hy- 
Soohiiic amino acids (Hopp.and Woods 1981, 1983; Kyte and Dooiittle 
19-8^). and proline residues were more, -Ukely to- be exposed on the 
.^nrfac- of the native protein than other sequences, and many pepudes 
have be»n prepared using these criteria. In assessing, the value of 
rhese criteria hydrophilicity is required-but is not sufficient to predict 
Che surface location of a particular sequence. Many strongly hy- 
drophilic amino acid sequences are buried in water pockets or form ; 
■ inter- or intramolecular bonds and are thus excluded from interacaons 
with anti-native antibodies. Therefore, hydrophilicity can be thougnt- 
of as required but not sufficient for choosing peptide sequences (see p. 
661 for hydrophilicity values). Hydrophilic peptides are also more 
likelv to be soluble for coupling reactions. • . n 

The presence of oroline residues in synthetic pepQdes originally was 
su^^ested because ^ -turns .often form portions of known epitopes. 
Ho°wever the presence of proline residues in peptides does not nave 
much oredictive- value when antisera are tested for bmdmg to tne 
surface of native proteins. Although many excellent anti-peptide anti- 
sera have been prepared against .sequences with proline resiaues, ■ 
there is not sufficient evidence to target- prolines when designing 

^^Mo^rrecently, several workers have noted 'that carboxy-terminal 
sequences often are exposed and can be targeted for anti-peptiae 
sequences ' Although ' using 'carboxy-terminal sequences does .not 
^arantee that the resulting antibodies, will recognize -the native pro- 
Sn a surprisingly high percentage ^^11. Simllarl>^ many am^^^^^^^ 
terminal regions are exposed, and these also may make good targe.c. 

Sothe^Dotentiallv useful parameter for selecting peptide se- 
qutSces the "mobility" of the amino acid residues. Originally, it was 
noted that the regions of a protein that becomejpitopes^often h^^ 
higher temperature tnan ocnar tcsi^uc, ao ^^z,.^. . . .... 

X-ray stT-ucture (Moore and Williams 1980; Roomson et al. l^So, 
' Tainer e^ al 1984; Westhof et al. 1984). Higher temperature in crystal- 
lo^^raphv and NMR distinguishes regions that are more mobile rrom. 



e-^Hr Th°se observations have led Co the 
^^-^^-^ofJb^^rscSc e o an.m;^c.ds that are more fie:able are . 
'^^'"rf.w/f; be cooes. In the preparatioa of and-oeptide annibod- 
more Ukei/ lO °^ ,;P a carrier molecule, ic has a Qifrerenc 
,e.s, when a P^P^^^^^^^^^^^^^^^S^e ongmal orotein. When choosing a se- . 

rSraSw^productlon, a^egioa of the protem that .s rnore 
auence for anaoouy V"- . siruct^jre that is similar ^ 

8,^1,,. «m be tCgh *e measure of mobility, 

CO the pepnde-osme. ^^^^ „ood peoude sequencss, it 

^a^^r^n ^ert:i"ln"er^h ^:taunrdetl™ine^w-het.er .t wm .ave 

"^^'presenra 'rtlortable order ot suggestions for choosir.g pept.de 
-sequences would be: 

\ it is h,d.P.mc and . a 

: SH — r.- r..gsfc a.d i. . s.. 

: ibSS^.fS^S-r-^S?s-pe-ao\%t^^^^ , 

s:3trst7r:;5.pepnd.t.^ 

that bind to the original P^°[;^^ ° .^^ recognize the. protein, of 

smaller peptides are ^^J^^^^^J^^^^^^.^^s^ate. Since epitopes consisting 
interest,either manativeor denatur a st presumably 

of smaller regions have ^^^^^ 5,!?^^^^ sr^a ler peptides coupled to . 
reflects the difhcuity of ^!^°gf^Y-?o acids ^r sli-htiy larger, the re- 
carriers. With peptides or o ammo^^ ^^^^^ 

1?e"y^7eP^^^^^^ -^^^^^ ^'^^"^^ '^^ 

lower limit for <^°"?^^f ^^^e su--ested for peptide length. One 
In the literature two 2,^^^^^^=4^^=^^^^3'^^-; 40 anSino acids long) to 
school suggests using other authors argue 

increase the number ot pobSiole epuopeb ^ i . ensures chat the 
■• S^fUller peptides - ^l.....e.. Both 

■ site-specific character of ^f^^" ^wo imoortant preliminary 
strategies have been us^d ^^^'^l^f'^^^ anti-peptide serum need to 
auestions to consider are. (1) Doe. .aie ^ .^^3 or. prepare 

recognize the native protem? ^'J^'^JIg ^6) How good is your 

Lti^eptide antiseraagamst^multi^^^^^ ^ 

pepade synuie.io - ■ oroducts with mappro- 

Lcreasmgly difficult to ^y^'f'^;^:/'^^^^^ to contain 

priat. side --'^---4°^-?^;|;r rcaSer molecules more difficult 
. residues tnat make ^/^^^^f^j'";;, ^es. with 10-15 residues and longer 
The correct aecison ^f^.r^'e? 'mental design and will normally be a 
peptides will depend on .he xpenm.nmi ^^^.^^^ ^^^^ ^^^^ 

compromise oetween the^e^f^^^^^^^^^^ small peptides of lO-lo 

■ ^^^^^^^ '"-^ •' 
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Coupling Strategy 

When choosing' the sequence' for a synthetic peptide, one factor that 
often is overlooked is the method of coupling. Most coupling methods 
reiv on the presence of free amino, suifhydryl, phenolic, or carboxylic 
acid groups. Free' amino groups used for coupling will be found on 
Ivsine side chains or on the amino-terminal residue. Suifhydryl 'groups 
are found on cysteine side chains, phenolic groups on tyrosines, and 
carbo7<ylic acid groups on aspartic acids, glutamic acids, and the 
carbo:r/-tarminal residue. Coupling methods should be used that link 
the peptide to the carrier via- either the carboxy- or amino-terminal 
residue. When preparing antibodies against the carboxy-terminal re- 
gion of the protein, the coupling should be done through the amino 
terminus of the peptide. Similarly, the coupling for amino termina-l 
■frac^ments should.be done through the carbo:c-/-terminal region of the 
peptide For internal fragments, the major ■ consideration is that the. 
peptide be coupled by an end and not through a central residue. 

The easiest strategy to- manipulate the type of coupling is to add an 
extra amino acid on either the amino or carboxyl terminus to allow 
simple one-site coupling to the carrier. Any coupling method that 
potentially can bind to an internal residue should be avoided. Similar- 
ly coupling methods should be chosen that will bind to only one amino 
acid if possible. If multiple coupling sites are possible, they should be 
localized to either the amino or carboxyl terminus, and the coupling 
should be adjusted to link only through- one site per peptide on 
average It is important to remember that it is often easier to use 
different peptides. than design elaborate coupling schemes. 



Clioosing ftie Appropriate Carrier 

■Many different carrier proteins can be used for coupling with synthet-, 
ic oeotid^s The two most commonly used are keyhole Umpet 
hemacvanin (KLH) and bovine serum albumin (BSA). Both work well 
in most cases, but each has disadvantages. Because of its large size, 
KLH is more likely to precipitate during- cross-linking, and this can 
mak- handling KLH difficult in some cases. On the other hand, ^SA is 
very soluble, but often is a good immunogen in its own right. For most 
purposes, either carrier will be adequate. Use whichever is more 

"""Thr^^^^ther carriers that are used occasionally are ovalbumin, 
mouse^^serum albumin, or rabbit serum albumin. O^^^bumm can be 
used as-a good carrier for most purposes. It is also a good ^ri^oice .or a 
second carrier when checking that antibodies are specmc ror me 
peot^de itself and not the earner. MSA or RSA may be used when .he 
anabody response to the carrier molecule must be-kept to a minimurn_ 

cysteine.- 39 asoartic acid, and 59 glutamic acid resiaues. Ovaloumin 
has 20 lysine, 10 tyrosine,. 6 cysteine, 14 aspartic acia, and oo glutamic 
acid residues. 
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From genes to protein structure and function: 
novel applications of computational 
approaches in the genomic era 

Jeffrey Skolnick and Jacquelyn S. Fetrow 

The aenome-^eauencing oroiects ars providing 3 detailed 'parts lisf ofJife. A key to comprehending this list ,s understanding ' 
■Che function of each gene and each protein at venous levels. Sequenc erased methods for function predicnon are inadequate 
be'-ause of ri.e multifunctional nature of proteins. However, ,ust knowing the structure of the protein is also insunicient ror 
predfcnon of multiple functional sites. Structural descriptors for protein h^nctional sites are crucial for unlocking me secrets 
,n both the sequence and structural-genomics projects. 



Genoais-sequendng project are p.rovvaing a 
decailed 'par^ lis:' foe life. Uniocranacely, cms lisc 
a oocaoa of whiL-h represenc the ammo acid 
seaueace of aU che proceim in a given genome, ao« 
noc come wich an inscrucrion manual. Thac is. pver. 
■Che -enotnes sequences, one doe:i noc aecessanly know 
scraighc away which regions encode proceins, .which 
serve a cea^oiacory role and ^luch are responsible tor 
Che scraccure and ceolicacion ot che DNA luelt. -, 

This IS noc unlike giving a child a Use o t pares nec- 
essarv co creace a wor'^dng aucotnobiie. Wichouc d^e 
necessary exuecDse. creacing che Enol, working car trotn 
,usc che imd^ pircs list is a nearly impossible casrt. bimi- 

■ lariy, underscanding b.ow co create a comolece. tunc- 
rioning cell given jusc che sequence oc nudeocides 

■ found In an organisms genome IS a complex problena. 

What is a protein function? 

After a genome is sequenced and ics complece jjarcs . 
lisc decermined, che ne.xc goal is co underscand ohe cunc- 
cion(s) of each pare, includingchac ot die procems. Whac 
do we mean by procein cUncdon, die focus or chis arac.er 
Function has many meamngs. Ac one level, che pro- 
c-^n co.jid be a ^lobular procem, such as an en-/me, 
hormone or antibody, or ic could be a structural or ■ 
membrane-bound procem. Another level is ics bio- 
chemical function, such as the chemical reacaon and • 
■ che substrate soeciGcir/ of an enzyme. The regulator/ 
molecules or cofaccors chac bind co a protein ire also 
levels of biochemical cunccion. 

.^■c rhe cellular level, che pcocem's EUnccion would 
involve ics inceracdcn wich ocher macromolecules ana 
che funccion and cellular locanon o: such compl=.-.es. 
The^s IS also che orccein's physiological cunccion: cnac 
is in which metabolic pathway che protein is invoiveu 
or what ohysiclogical role It performs-in che organism. 
RnaUy, the phenoc/pic aincnon is die cole playea by 
the orocein m che total organism-, which is obser-./ea oy 
deleting or mutating che gene encoding cne procem. . 

J. Skclnick (th^in^Cwmnhni^m^.'Jrs) U Danfcrd. Plane Scie.-.« 

Ccmer U,bcr.wr.'o{ Comoutoiionui C.nomia. 404^ =.r,,t Park 
Avtw,,. Si iJui!. 'iUb 6jWS. US.A.j.S. Ftirow is at <^r,,Fom<aaa 
Sm« WO SS30 Ob^Am Dn«, Sun D.>t.o. CA 92 121 -J , 54. USA. 



■Obviously, che complete characterizanon .of protein 
Sjncnon is diiEcjic but eSbrcs are under ^vay ac all levels'-, 
including cellular tlincdon^-". In dus aracle, however, 
we focus on idenritying che biochemical fiancacn of a 
protein given its sequence, a problem diac is amenable to 
molecular approaches. 

Sequence-based approaches co- function 
prediction •, 

■ The sequence-CQ-Eunccion approach is chejnost com- 
m^only '.used funcdon-prediccion method, ihis^robusc 
ueld IS well developed and, in dae interest ot sp^.ice 
limitarions. we will merely present a brief overview. , 

There are two main flavors of this approach: sequence 
alignment'-"; and sequence-modf mediods such as 
Prosice'^ Blocks.". Prints'-'^ and Emocit-^^ Both die 
alignmenc and che n^ocif mediods are powerrul buc a 
recenc inaivsis has dcm.onscracsd dieir sigmEcanc limi- 
caaons'5, suggesting chac these mediods 'aaH increasingly 
fail as che procein-sequence databases become more 
diverse. 

•An ■e:<:tension .of d:iese approaches chac combines 
procein-sequence with scruccural inform.acion has been 
develooed and some successes have been reporced"\ 
- However, chos medaod sdU applies che structural inccr- 
macioa in a one-dLiisnsional. 'sequence-lise fashion 

■ and fiEs CO Cake mco account che powerful three - 
dimensional inforniarion displayed by protein strucrares. 

[n addidon. oroceins cm gain and lose cunction dur- 
ln<. evoludon and mav,. mdeed. have mulaple 6^nccions 
in'che cell (Box I). Sequence-co-funcaon mechous 
cannot scecificallv idencii?/ chese comple:acies. Inaccu- 
race use 'of sequence-co-funcaon mechods has led co 
sicqiificmc funcdon-annocadon errors in che sequence. 



An. aUernacive approach . " . 

An licernacive, cocnplemencsry appro:ich ca procem- " 
eUncdoa oredicacn uses che seque nee -co -3 cruc rate -co - 
Flincaon panidigm. Here, che ^oai is co decermine che 
scruccnre of che procem of inceresc and then co idencuy 
che tiincaoaaily imponianc residues in chac scruccure. 
Using ch^ chen-ucai scraccure icseif co idencif/ funccioaal 
sicei is more in line wCch how che pL-Q,^em acfLuaUy works. 
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In u ^jcase, chis i:J oae loag-cerai -od ot ^scruc:ural 
■^caomic:' projcrc:.'^^-'^ which are designed co aecer- 
mine uii possible procein cbids e::perinienc2lly. jusc 
IS -^.-nome-sequcncins projeccs are decerminmg aU 
. )L-o!ein •iequences^'-^ Thi:; is in coacrasc co cndinonni 
'.cmceuroi-biolog-/ approaches, m winch one 'rUiows chc 
prorein=5 fuiicaon tine and only chen. if che cunccion is ' 
^uQicicndv imponinc, decermmes ics scruccure. 

Ic is inio'licidy assumed chuc having che procein s scruc- 
cui-v- will provide iiisiehcs imo ics iiuncdon, chereby cur- 
chcL-mg che goiUs of^che human-genome-sequencmg 
project ^However, yjaowmga procem's diree-dimensionaJ 
-structure is uisuEcienc co decerrmne. ics .Wnon 
(Go- ">) What we cedly need co an.'dyse and preaicc cne 
nu.latliaccional aspects of proceiris is a aiechod >.pe- 
riGcaiiy CO recognize acave sices and binding regions vn . 
chciic protein ^icruccures. 

Actiuc-iitc idnncijicucitjn 

hT order to use a s true cure -based approachco funcuon - 
prc^diction/one muse idenrif/' the -i^-ey residues respon- 
sible for a given biochenoical activiq'. For many years, 
ic h-is been su2;gesced chic che acdve sices m procems are 
becccr conserved than che overall fold. Taken co che 
llniic chis sugccescs chac one couid not only idennf/ dis- 
cane ince:;cors'wvch die same global fold and che same . 
nccivicy buc also proceuis wuh similar functions buc 
discandy related, or possibly unrelated, global tolds. 

The vaiidicy of chis suggesdon was demonscraced 
emptricaiiy by Nussinov a:nd co-workers, who showed 
' chat che acnve sites of eukaryocic serine proteases, sub- 
cilisms and suiiliy dry I. proteases e:ch-ibic similar scrucroral 
■[uocifs-''. Furcherniore, 'in a recenc modeling study of 
uKckaromyccs Lsrsvwae proteins, pcocem funcdonul sites" 
-were found co be more conser/ed dian ocher pares ot 
the procein models^-. Similarly, ic has been demon- 
scraced chac che cacalycic criad of che a/p hydrolases 
Is scructuroiiy beccer conserved dian ocher lusndme- 
coacaining cnads^. A comparison of die structure of che 
hydrolase^'cacalycic crud to ocher hisddine-concaioing 
triLids shows a distmcc bimodal discribudon, whUe a 
simdar analysis done with a randomly selected cnad shows 
a Linimodal discribucion-(FLg. ^L). 

ICasuya and Thornton-'^ generalized chis example by 
creating scructural analogs of a few Prosice sequence 
mocuV^. For the 20 mosc-&equendy occurring Prosice 
paccerns, che associaced local scruccure is quice disnncc. 
These resuics provide clear evidence diac enzyme acnve 
sices are indeed more highly coiisQ-rf^d than ocher pares 
• of che procein. 

[dcntifyino active sitss in iiic-peri mental sCrxiciurzs 

Hiscoricailv. several groups have actempced to iden- 
.cify functioaul sices in procems; chese eGbrcs were 
Hir^rrpH nr nmcsin engineering or building funcdonai" 
sices in places where chey did noc previously.exisc. This 
has been successfully accomplished for several mecoi- 
bindingsites-5-i3. However, liighly iccurace cUncaonoi- 
sice descriptors of che backbone and side -chain acorns werer 
L-equired, fueling die belief chat signiacanc acomic decail 
is required in sice descnpcors for function idennucacion. 
Highly detailed residue side-chain descnpcors oc cne 
ccive sues of serine pcoceases and celaced procems have 
oeen used co -.dcncifv funcdonol sicesV The use ot chese 
hiiiWv detailed mocifs has led co che idenciacanon oc 



Box 1. Proteins ara rnuitifunctional 



A commcn protein characteristic that makes functional cinalysis based 
oniy on homoiogy especiaiiy difficuit is the cendency of proteins co be 
muitifunctionaL For instance, laccate dehydrogenase binds NAD, sub- 
strate and :inc. and performs a r=dox reaction. Ecich of these occurs 
ai different luncncnal sites that are in close proximity and the combi- 
nation of all four sites creates the fully funcrionat protein. 

Other examples of muitifunctiona! proteins are the nucleic-acid-binding 
proteins. For instance, DMA regulator/ proteins often contain a ONA- 
binding domain, a multimerization domain and additional sites chat bind 
regulatory proteins; a classic example is RecA^s. The 3C rhinovirus 
protease exhibits a proteolytic inunction as well as an RNA-binding 
function°^-SV Transcription factors are also complex, rnuitifunctional 
proteins''^. It is becoming increasingly important to recognice each of 
these different functions of gene products of a newly sequenced gene. 

The serine-threonine-pnosphatasa superfamily is a prime example of 
the difficuities of using 'standard sequence analysis to recognize the 
multiple functions found in single proteins. This large protein family is 
divided into a number of subfamilies, all of which contain an essentia! 
phosphatase active site. Subfamilies L, 2A and 2B exhibit 40% or more 
sequence identir/ between them°^. However, each of these subfamilies 
is apparentlv regulated differently in the ceil^'^^ and obsen/ation sug- 
gests that there are different runcnonai sites at whtci^ regulation can 
occur. Secause the sequence identir/ beb/veen subfamilies is so high, 
standard sequence-similarioy methods could easily m^isciassify new 
sequences as members of the wrong subfamily if the functional sices 
are not carefully considered, as was recently demonstrated^-." 

These are but a few examples of the multifunctionaliby of proteins.. 
The recognition of this multifunctional nature is of cntical importance 
to the'gencmics fieid. Useful <ijnctional-annotation methods m.ust con- 
sider all of the specific functions in. a given protein and. will noc just 
provide a general classificatiGn of function. 



several novel funcnonoi sices in Icnown, high-quaii^r/ 
procein scruccures^-^'^. More aucomaced methods- tor 
Snding spacioi mocifs m procein scruc cures have also 
been described- 

Unforcunaceiy. niosc of chese nr.echods require che 
e:cacc p lac erne nc of acorns widnm procein bacl<bones and 
side chains, and so have noc been shown co be reievanc 
CO tnexacc predicced scnaccurss. ?s.ecendy. however, we 
described die pcoduccion of fuzzy, inexacc descr;pcors 
of procein 6jncaonai sites'^. .\s we wish to apply che , 
descripcors co expenmencol scruccures as well- as co pre- 
dicced procein models, we used oniy carbon acoins and 
' side-chain cencers-of-mass posicions. We call ciiese 
descnpcors 'fuzzy funcnonal forms' (FFFs) and have 
creaced chem forboch che disulfide -oxidoceduccase' 2-^' 
and a/p-hydrolase cacaiydc accive sices--. 

The disulfide-o>ddoreduc:ase rrr was applied co 
screen high-resolucion scruccures :£:om che Brooi^liaven 
procein dacabose^-. in a dacasec ot 364 orocem scruccures, 
*die FF? accuracely idenaaed all proceins '^cnown co 
exhibic die disuiEde-o;ado reductase accive sice'^ In a 
larger dacasecofliOl proceins. che FFF ag^ain accuraceiy 
idendced ail proceins" wich che acave sice. In acdirion, 
iC idencided anocher procein, Ujm. a serine-direonine 
' phosphacase. Pais cesudc was irunoUy discouraging buc 
subsequenc sequence oiignmenc and ciuscenng analysis 
scron^v suggesced chac chis pucadve sice miglic indeed 
be a sice of redox reg^oiacion in che serme-chreonine 
phosohacase-l subfamily"'^, [f confirmed by expenmenc, 
chis cesulc will higlilighc che advancages of using ^cruc- 
cural descripcocs co analyse mLddple tianccionol sice: ui 
proceins. Ic will also hughiighc che fcacc chac human 
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Box 2. Knowing a protein's structure does not necassariiy 
teil you its Tunction 



Rp-ausa arnteins can have similar folds but difrarsnt. runcnons-a-^-, 
dere'ni,ning me str-ucture of a pro.ein may or may not tell you some- 
miner about it: function. The most well-stuaied example is ..he (a/p)., 
ia rpl °n° vmes, of >«hich triosa^hosphate isomerasa (TIM) ,s rjne arcne- 
wo3lrpr.r===ntativp. Members of this family have similar overall struc- 
ture'^ b'ut different runcnons, including different active sites, suDS.rate 
soecincities and cofactor requirements'^ V 

k Chi- axamole common? Our own analysis or die 1997 SCOP da.a- 
bace^a "shows chat the five largest fold families are the rerredoxuv 
Hke the (a/Rl barrels, the knottins. the immunoglobulin^.ks and 
HavodoxinTk; fold families with 22. 13, 13, 9 and9 subram.hes.respec- 
riveW (Fig i) in fact, 57 of the SCOP fold families consis: or muibple 

uperfamnies. These- data only show the ap of the iceberg, becausa 
each superfamily is further composed or procein families and each inan 
.,duai family can have radically different functions. For example, the 
ferredoxin*e-suoerfamily contains families identmedas re-S rerreaoxms 
ribosomal proteins, DMA-binding proteins and pnospnatases, among 

this article v«as submitted, amuch-more-jetailed analysis of the 
SC'OP databasa was oublished'z. This finds a broad runction-structure 
correlarion for some structural classes,, but also rinds, a numoer or 
ubiquitous functions and str-jctures that occur across a number or ,am- 
Hies The article orovides a useful analysis or the conndence with which 
s^ucture and function can be correlated"^. Knowing the. protein sjuc- 
ture by itsalf is insufficient to annotate a numoer or runciional classes 
ana is also insufficient for annotating the specific details or. protein 
function. 
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Figure i 

Histogram of tiie number, of superfamiiies found )n each- SCOP fold family. 
These data clearly sna^ that proteins with similar ^truccures can have different 
functions and demonstrate tne di^ficul^y of assigning protein function based 
simplv on the three-dimensional structure, fne data were taken from me 1-97 
distribution Of 5CGP thctp://scop.mrc-lmb.C3m.ac.uk/scQp). For a more^etaiieo. 
analysis, see Rsf. 72. 



observation lione li ao longer adequate fcoc idencir/mg 
^ii furiccionai sices in loiown procevn structures. 

To dac2, the use of scrucaire co idencif^/ oincnon h:is 
Urgelv cbc-^edon hugh-resolunori scrucrures and highly 
decaiied'descriDcors of pcocein tunccional sites. Kow- 
ever, che crearion of inexucc descripcors for funcaonai 
sic-s Qoens che way-co che applicaaoa of these mechods 
CO ine:-::ict. predicted ococem m.odeis. The quesripn 
rem^ias: how good does naodei have co be m order 
CO use FFF'i coldeacif/ ics active sices? 



The scnce of che arc m scructure-predlccion 
mechods 

For proceins whos'e •;equence idenci-r/ is above -30%. 
one can- use homo log*/ nao deling co build the struc- 
cure^^. However, scruccure predicaon "is far more difEc-iic 
for proceins chac are noc homologous to proceins- wich 
' known structure. Ac presenc. chere are c.vo approaches for 
chese sequences: ab initio iblding^^"^^ and direa.ding"''^"^-*. 

la ab inicio folding, one scares from a random contor- 
macion and chen actempcs co assem.ble dae aanve scruc- 
cure. As chis method does noc rely on a library of 
pre-exisdng folds, Ic can be used co predict novel 
folds. The recent 0^-5P3 p ro cei n- structure- pre diccion 
experimenc (htcp://PredicnonCencer.lInl.gov/CAS?j) 
involved die blind prediction of che scruccure of pro- 
cems whose acaiai structure was about co be expen- 
mentaily determined. These results indicate "iiac con- 
siderable progress has been made-^^^^*^.. For heiicai and 
a/B proceins with Less dn.an 110 residues, scruccure: 
' were often predicted whose backbone root-mean- 
square- deviation (I^VlSD) Grom naave nnged from 
■ 4I7 A.. Progress is being made-widi 'di-e (3 proceins, coo, 
although they remain problenoacic. Because ab initia 
methods can idencif/ novel" folds, ,diese m.echods could 
be used co help to select sequences likely to yield novel 
folds /in experianental scruccurai-genomics projects. 

Anocher' approach co cerdary-s true cure predicdon is_ 
dareading. Here, for .the sequence of interest, one . 
■ attempcs*co End ci^e closest matching scraccuce in a 
Librar/. of known folds^^-^^. Threading 'ls applicable co , 
proceins of up co 500 residues or so arid is much f:iscer 
Chan ab tmnV approaches. However,- threading cannoc 
be used to obtain novel colds. 

Ab inicio prcdiaed modds can bt: used for au:omacic , 

pro teiTt-f unction predicdon 

The results of che recenc CxASP3 compeddon sug- 
" gest diat current modeling mechods can often (but noc 
dways) create inexact pro tern, models. Are these struc- 
tures useful for idendfying 'fiancdonai sices m proceins? 
Using che ab imao scr^accure-predicnon program . 
MOK5STER, die ceraary structure. of a giucaredoxin, 
lego, was predicted^". For the lowest-energy m-odel, 
the overall backbone PuVlSD Grom dne cr/scai scruccure 
was 5.7 A.- 

To determine whedaer chis inexact model could be 
used for function idendacation. the sets oif correcdy 
and mcorrecdy folded structures were screened- with ■ 
dne FrF for di3ul£de-o;ddo reductase acdvicy'S. The 
FF? uniquelv idencined che acdve sice in che correcdy 
folded structure buc noc m die incorrecdy folded ones 
(Fiir. 2). This is a proof-of-erincipie demonsrracioa chat 
inexact models produced by ah inUw prediction of 
scruccure u:om. sequence can be used-for che subsequent " 
prediction ofbiochemicai funcnon. Of course, improve- 
ments m che mecnod have co be made bciuic iuCu 
• predicdons can.be done on a routine basis. 

Use of prtdictcd VuTuciiiriLS from chreadino in 
vro csin^funccion prediction ^ • 

M presenc, pracdcai Limicacior^ preclude folding an 
endre" genome of proceins using ab inido methods^'. 
Threading 'ls mere ippropnace for achie-nng the requisite 
liieh-chroughouc scruccure predicaon. ihus, a stand- 
ard direading'algorichm^^ has been-'osed co-^-Zireen all 



proceim m rune ger.oaisi for che dbuifide-oadoreducuse 

■ ni-cive sice described above. 

Fir:c. sequences chac Signed wuh die scruccure: ot 
known disuLtidc o.-^idoreducroses were Ide.icmea. Then. 
Che structure was ser.rched cor.aiacche: co che acave- 
'.ite residue: and geomecr/. For chose sequeaces tor 
which ocher homologs were available, a sequencs- 
coaservacion procUe was cooscrucced^^ If che pucacwe 
ic-vp-nce residues were aoc ccasen/ed in che sequerice 
subfamnv CO which che procem belongs, chac sequence 
was eUminaced. Ocher^ise. che sequence is preaiccea 

CO Have che funcrion. . ■ . ■ , . 

Usm- rhjs seauence-co-icrucojire-co-cuncQonmechoa. 

90.'/„ of rhe proteins in che nine genomes thac nave 
t,nown disulfide -o;cdoreduccase activicy have oeen 
foi.nd From 10% co 30% more tuncuonal predicnons 
are made chan bv alcerninve sequence-ba^ed approacnes. 
similar cesuics are seen far che a^P hydrolases^. Sur- 
pnsin-lv in spice of che face chac chreadmg algonchrm. 
hav. oroblems generacing good sequence -co-scruccure 
.ali.,mmencs. accive skes are ofcen. accurately aligned, 
even for ver/ discanc niacches. Th^ observaaon woola 
„rre- wich die above e^cpe^mencal results .mdicanng 
chnc iictive sices are well' conserved in procem scrucrures. 

Importandy, the- false -posirive race when using scruc- 
cuail information .s much lower dian chac cound using 

■ sequence -based approaches, as demonstmced by a 
decailed comoanson of che FFF structural aporoacn and 
che Blocks seouence-modf approach (N. Siew « ai., 

■ unpublished), "in c.Kis study, the sequences in eigne 
. ■--nomes, including BcdUns subtilit. were maJysed for 
disulfide-oxidoreductase &ncQon using =he disuifiae- 
■■o.-<idoreductase FFF, che dnoredorcn Block 00194 and 
^■■■■ •he ,T!utaredo;an Black 0019S. tf we assume =hat chose 
sequences idencified by both the FFF- and Bloc.<s 
are -true- positives', we End I3 such sequences m ctie 
B. fubiiiis genome. . . . 

There is no experimental evidence v-Jidaang all ot 
chrsr 'true posidves' and so chey are more accurace.y 
termed -consensus posicives'. In order to Gnd diese_ Ij 
•consensus oosirive' sequences, the FFF 'lues -seven cahe 
positives.. On che ocher hand. Blocks hies 2 ^ fahe 
positives (Fig. 3). It was previously suggested chat the 
use of a functional requirement adds inlormacion to 
threading and reduces- the number of talse posiQves -. 
These, data , mcludi ng die data shov<m in Fig. o , vaiiaate - 
this claim on a arenome-wide basis. 

Of course, as no genesme has had die function ot aU 
of iG proteins e:cperimencally annocaced. it is imposs- 
ible CO l::now how many ocher proteins with the spcci- 
aed biochemical tianction were not properly idennnea. 
Tlus is a critical quesdon for researchers. attempting co 
predic: cirocein function. Experimental confirmaaon 
■ wiU be needed co validace diis or any ocher mertiod 
^,-M„ TUi. points our rhe nc^ed for closely coupling 
compu'catlonal tunction-prediction algorithms widi 
e:<perimencs. 

Weaknesses of using die sequence-to-scructure- 
'to-functioii method of function preaiction 

Based on studies co dace, che idencmcaaon ot ensy- 
maric icnvif/ requires i model in which che backbone 
■.MSD from narive near che active sices is about y-:> . - 
i',-...d„ ced models are beccer ac describing the geometry 
in che core of che molecule dian in che loops and so 
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• Figure L 

Tne distribution af root-mean-square disiribudons (RMSD) baC;vean ttie hydrolase 
catalytic uiad and ail other hisadine-ontaining triads, shows a b.madal distribution 
(a)- by contrast. ^:he RMSO ber^een a randomly selected (non<ataiytic) triad and all 
other hisndinecontaining triads has a unimodal distribution (b). The His-Ser-Asp 
cataivtic trial- in the protem-l gp! (Rp2 lioase) (a) and a random h.sDdine^:ontamuig . 
triad from 4oga (giucam.nase-asparagmasel (bl ^/vers structurally aligned to all H.s- 
■ containing criads in a database of 1037 proceins^^. Acaiat a/fl4iydroiasa acuve s.ces 
(a) and the ^oga site (b) are indicated by blue bars: other h.sndine cnads that are 
not active sites are indicated by red bars. None ot the Sites found by matcn.ng to the 
4pga were hydrolase active sit^s. inset graphs show the full distribution. 

predicnng che oinction of a pcocsin whose acdve sice is 
in Loops mav be a problem. Also, che cnet±Lod can cur- 
rendy only be acpiied to enzyme acdve sices; subscnce- 
and Ugand-bmding sices have noc been idencmed using 
rhe ire^ac: cnodels; Techniques chac wiU bsrzb.^r ceune 
i^exac: procem models will be quice useiid m caking 
che procem analysis co che nexc see?. 

Couciusions 

Alchoueh seauence-based approaches co procem- 
' clinccion predicdon have proved co be '/ery usedu, aicer- 
naaves are needed co assign che biochemical hincnon 
of che 30-50% of proceins who^je iiincdon cannoc be 
assigned by any currenc mechods. One ernerging 
approach involves che sequence-co-5cruecure-ro-L-uncaon 
paradigni- Such scruccures mighc be provided by scruc- 
curai-<^encn^iC3 pcojeccs or by scruccure-predicaon 
algorixhnis. runcdonai assignnaenc Is made by screen- 
ing che resulclne scruccure agamsc a Library ot scruccural 
descripcors forlcnown acnve. sices or binding L-egT£>ns. • ' 
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/■ anergy 



Higher-energy (incorrect) models 





Figure 2 " i. ■ 

rT,odels of giucaredQx,n created °V Idels. ^ FF? 

distingu,su ue^een corrects fddad. and ^J^ Jd^^^^^^^ 

,s 3hown as-twc orange balls .odals with the arove- 

ing fhe proline). The protean models are shown ^^"^f^^ rne FFF dearly 

L cysteines and proline shown as V^r'^- ^^"^^^^^^ Ugo 
d,snng.shes the correct acnve s,te ^^''l^'^^^^Zl^lZ^.,,^ to the act.e 
and the correctly lolded. '^-^'^^^^^f ^2, ^fo Jof wnich are shown here. 
Sites of any of Che higner energy, mis^olaed struciur.b. lu 
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(orm f.FFF) and the Slocki are snown as .sd bars, une 5ct- 

also [Quna. in ^ ^ .^^.„„cnc nn^^itwes' (data not inownl. 

positives cJlUli^ vviUi uic jumc - — . • 



Decided dc-scnococs will oniy work on chc cxpen- 

^"'cr. Che dcscnpcocs should wocicon boch cxpca- 
Incaci strucau-es.u.d ch. crude: rnocds pcovnaed by 

Th 'advoaca.c. of such ar. approach ar. ch.c one nc.a 
• no .scabUsh o^. cvoh^cionacy rclaaous^..p - - 



assijzncd CO a -ivcn procem [an ^sue of cnajor impor- 
canc:: bt^caasc oroctrir^ are aiuLaiuncnonal v-l^'OX l)| 
■ ;uid,'*ulcimuct.V ^^^'^ '^'-^^'^^^'^^ ^ sirucrurc: CDn proviac 
deeper insi'^hc into die biological nicchanu:m or pi:o- 
cein fuacdoa and rc-njlaaon. The disadvancaucs arc chac , 
"one aee'd£ co have die pcoceiii's scructun- before ;.\ cunc- 
doacan be assigned and chac che-approach ts limiced co 
diosc liiacuoas' a.^r^ociacL'd wkh_ proceiiis wicb :k leusc 
one fjolved :^crucuure, so chac a Rincnonal-sici: de:;cr;pcor 
can be coiiiicrucced. 

Ln-dhs seme, scruccure-co-aincnoa aiisi^gnrnenc can be 
choaghc of as ^iiiacnonal chrcading' - tind che acnve- 
sice r^acch in a library oKiey.cripcor; for known procein^ 
■icvvc sices. ThL-: l^. dic 6rsc seep In die long proce.ss or. . 
asm- scruccure co assiijn all levels of function. 2 -xil 
cbar'is made mcreasmdy Imporcanc ^vKh cheemer^-nce 
of scracmaii -enomics. Ba^^ed on ciie progrer.s co a:ice, 
IS apparenc diac .cruccure wiO play an imporcaiu role 
in die posc-i^enomic era of biolo'^^/- 

Ackno-wledgmenc ■ 
■ We chunk L. Zhang for producmy; che dacn m box 

ixnd Fig. 1. ■ 
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Between t-he^aa^^^feceptor, Vascular 



c ^.1 livP' (F!J:-1) is a aansmembraBe t:^osiiie- kinase that was ideniSed in 
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INTRODUCTION 

CeU surface recerstors with an intraceUuIar tyrosme 
kinase domain have powerful effects on prolifera- 
tion and other aspects of ceU behavior. Vfaen acti- 
vated bv mutation they can act as potent.oncogenes, • 
and theV have importanc roles in normal physiology 
and development (Schiessinger and LTLlrich. 1992). 
-Ln addition to the receptor t>T0Sine kinases ^/^Ath 
known Ugands, many .additional recepcor-lLke ty- 
rosine kinases without known Ugands have been 
identified, mostly by approaches based on the se- 
auence conser/ation of the enzymatic tyrosine ki- 
nase: domain, 'More than twenty of. these orphan 
receptors are currentiy ^/Athout known ligands, and 
it is likely that the identincation oc those ligands ^^ral 
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make an important contribution to our understand- 
Ln.g of cell-ceil signaling. ■ 

Tne Flk-1 receptor was identiiied by. polymerase 
Cham reaction of ^oiRNA from populations of mouse 
fetal Uver ceils highly enriched tor primitive he- 
matopoietic orogenitors (Matthews et ai., 1991). Tne 
Fik-l" receptor, and an apparent human homo log, ^ 
KDR was'^also found to be expressed in vascolar" 
endothelial cells (Teirnan et aL. 1991; Millauer et al., 
1993; Quinn et al.. 1993), Stracturaily, the Rk-1 
receptor has an extraceUuiar region contairan.g seven 
irrununoglobuUn-like domains, placing, it in a sud- 
family with t^.^^0 other receptors that show dose 
seuuence homology. Those receptors are Et, whicri 
was sho.sm to be a receptor cor vascular endothelial 
growth factor (de" Vries et al 1992). and 
"^.preiikova et al. 19.92; Gailand et aL, 1992), a 
receptor still without a known Egand. 

•One aooroach to identifying the ligands of 
receptor tyrosine '^ases is to use the receptor 
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extraceiluiar domain as a soluble aftirdty reagent. 
We have pre^/iously described the use of a soluble 
form of che c-kit receptor for chat purpose (Flanagan 
and Leder, 1990). Tne receptor extracellular domain 
was fused to placental alkaline phosphatase, provid- 
ing the molecale with a tag that binds to available 
■antibodies and also has an intrinsic enzyme activit-/ 
that can be easily and sensitively traced. This re- 
agent was used to detect- the kit ligand as a trans- 
membrane molecule expressed at the ceil surface 
(Ranagan and Leder, 1990). Sinular approaches 
based on soluble receptor fusion proteins have, now 
also been used. to_ identify other trans m. em b ran e 
ligands at the ceil surface (for example, .^^^^tage st 
.al., 1992; Lyman et al, 1993). 

Here we have applied the soluble receptor ap- 
proach- to the Rk-i receptor and shown that this 
approach can be used to identifj^ not only trans- 
membrane Ligands, but also ligands that are mattix- 
assodated or soluble. The Hk-i receptor was found 
fay this approach to bind with high ainnity to VEGT, 
an interaction also described by others' (MHIauer et ■ 
aL 1993; Quinn et al.,,1993). The interaction was 
detectable in solution and also when V^GF was 
present 'at cell- surfaces, -where it is. bound via cell 
surface proteoglycan. In addition, the" soluble Hk-l 
. receptor itself was found to bind to heparin-agarose. ■ 
Tbiese results .suggest that a three-way -functional 
complex may be formed bet'vveen the Rk-1 receptor,. 
VEGF, and spednc heparih-Iike molecules at the 
surface of the ligand-presenting cell. 

METHODS 

Production of Flkl-AP Fusion Protein 

The Rk-1 extracellular region cDNA was amplified 
by polyrherase chain reaction to create a PiindlU- 
BamHI fragment, which was inserted into Kindlll- 
Bgin cut APtag-1 vector (Ranagan and Leder, 1990); 
The resulting Rkl-.AP fusion plasmid encodes the 
entire extracellular domain of Rk-1 joined at Glu- 
762, ^/ia a four amino add Linker (Gly-Ser-Ser-GIy), 
to-'the distinctively heat-stable secreted human pla- 
ccncc* alkaline puOspUatase. A Diasmid witirv the 
same vector sequences encoding unfused secreted 
alkaline phosphatase (SE.^.P) (Berger et aL,. 1983) 
was also produced for use as a.controL Plasmids 
were lineanzed with Qal and trans fected with the 
marker plasmid p5V7neo ifito NIH-3T3 ceils by 
caldum phosphate predpitation. One day after 



transfection, ceils were distributed into 96-wpn 
plates and selected with 400 ^g/ml G413. After 
2 weeks, approximately 100 clones were screened 
for secretion of alkaline phosphatase acti^/ity by 
a coionmetric assay as described (Ranasian and 
Leder, 1990), except that L-homoargirdi-.e .was 
omitted from all alkaiihe phosphatase assays here. 
Alkaline phosphatase" acti^rities are exirressed hers 
as OD units per hour (OD/hr), indicating the 
rate of hydrolysis of the chrornogenic substrate 
p-nitrophenyi phosphate under the conditions 
used. One picomole of alkaline phosphatase pro- 
tein . corresponded ' to an activity of aoproxknate'v 
■ 30. OD/hr. ' ' 

Co-immunopredpitation with the FIkl-.AP 
Fusion Protein 

For analysis of "'^S-labeied proteins in supemacants, 
ceils in 10 cm ■ plates were rinsed hwice .in' 
methionine- free 'DlVIEM, .then incubated ^vith 
. 200,aCl/ml ''"S protein labeling mix (^•jew England 
Nudear, NEG-072) 4 ml of methionine -free ' 
D^IE\{ containing 10% dialyzed "caif serjm. AJter ■ 
a hr, supematants were taken and concentrated 
10 fold by ultraiiitra don. .200^1 of concentrated 
supernatant was incubated for 90 min at room 
temperature with* an equal volume of conditioned 
medium containing approximately 5 .ag/ml Rki-AP 
fusion protein. The^Rkl-.A? fusion protein was then 
immunopredpitated by incubating on a rotator for- 
■60 min- ^vith CNBr-Sepharose beads coupled to ex- 
cess monodonal antibody against human placental- - 
alkaline phosphatase (Gat. no." h'HjK 1301, Medix 
Biotech Lie., Foster Gity^ GA) and washing the beads 
six times in modified RIP A buffer (0.5% iSn?40, 0.5% 
NaDOG, 0.025% SDS, 144 miVI NaGl, 20 mM Trls- . 
HCl pH S.O). ^^S-labeled proteins were separated on 
15% SDS-poIyaciyiamide gels, which were then 
a.xed, treated with Enlightening • (Nev/ England-. 
iVuclear), dried, and exposed to X-ray film. 

To prepare proteins for microsequendng, 200 jul 
QL GNBr-Seph arose was "conjugated with .400 ,ag 
anti-x'i.P antibody and was then incubated with a 
saturating amount of Flkl-.-^J^ conditioned medium ' 
for 1 hr at room temperature. Tne beads were then - 
washed and treated ^vith the cross linking agent " 
dime thy Ipimelimidate (Harlow and Lane,- 1983). 
BMS-12 cells were gro^vn in D^/^EM containing 1% 
bovine caif serum for 3 days.- One liter of condi- 
tioned medium was collected 'and concentrated to 
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, I bv ultrafiltration and v<,as mcabatei ..nth .he 
^'^f,%%--.P conjugated beads. Aiter 1 hr ac 
^^'""^^^e the beads were pacKed mto a 

; Io'S<l sodium phosphate pK 6.3, ana 
•^"i,: Lerf thL elated v.* i mi of 100 r.M 
proteins - ^ ^^^^^ ^^^p^^ concan- 

='>'"rbv TCA orecipttat.on, run on-a 15% SDS- 
' -rlLde gei. and -transferred to a PVIDE 
^° SSneTMatsudaira, 1987). Tne band of mterest 

■ ::,Z:r:t^^^^^V^ -d Rl^^are, 1939). 

Quandtative Assays of Flkl-^ Binding to Cell 
Surfaces or to Heparin Sephaxose 

' Ceil surface bmding of. Flkl-AJ- -^^^^^^g^^j 

■ — M=.nv as' described ore^AousIy for Kit-Ai 
Se. lo,6)..Plates;,of ceUs.^ 

k -ith HBKA .buffer',(Hank'3 balanced sa^t 

I wasnea ^^-/^T^l bovine serum aibuiiun, 

r M%?^- PH 7 o l?o HaN3) : and- then 
ir^a ted fof^90' min a^ room temperature with- 
Snc^doned medium containlr-g Flkl-A^ fusion pro- 

'^nts ^e conditioned medium was diluted vnth 



H3H=^ buffer. The cells were then dnsed six dmes 
mth^HBHA buffer, lysed. and assayed for alkaiir.e 
phosphatase activ^.ty coloranetncaily as described 
(Ranaean and Leder. 1990). Scatchard analyses ot 
cell surface binding data were performed ^t^^ the 
LIGAND program (Munson and Rcdbara, 1950). 

To test ' the- effect of heparinase on biTiding ot 
Flkl-.^''"to the ceU surface, ceils were incubated m 
DMEM without semm for 1 hr at 37°C with- 0.25 
units/ml of heoannase (a gift from Ibex Technolo- 
<nes, Montreal, Canada). To test binding of Rkl-.'^P 
to heparin-Seoharose, conditioned, medium con- 
taining Hkl-.AP or SEAF was diluted in. to 10-mi ot 
90 tmM KEPHS pH 7.0, 150 tnM NaCl and was 
loaded onto a 1 ml -hepann Sepharose FPLC col- 
umn (HiTrao column, Pharmada) by rearculatmg 
overnight. S'alt gradient elution was perfonned at a 
■ aow rate- of 0.3 ml/min with collection ot 1ml 
, fractions. 



RESULTS 

The Flkl-AP soluble receptor' fusion protein used in 
these studies Is. illustrated in Fig. lA VVhen immu- 
nopredpitated from, the supernatant ot transfec.ed 
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nent band -v^ch the expe. el ^ ^.^^ 

weight of -PP™^:.yj;3"j, Phosphatase en- 
Eusion protem ^.^^^^^'^'^J^.^^'^^^Vv, s.Sular to that 
zyme acdvity. with a spean. acn m/ ^ 

-po-d P«--^^/!:,^Sre;l^^^ for 
^-^''^'^^^^tS a il^e Phosphatase activity pro- 
seOTtion or high alKaime ? protein in 

duced approximately 5ug/ml ot tusion p 
the 3uperr.acant. ^.^^ produc- 

The strategy .used to screen ce.i ui ' .^ . 

u of , lieand iS surrunanzed m Fig-, l-^- 

ton or a uk 1 ^SJ"^ that-nught iunc- 

Hk-l was implicated as a ^-^-P pndothelial 
Hon 'in hematoooietic progenitors ana nu . 
Si we focused, our -initial . ligand . search on mes- . 

• • rnthymal ceil Une. -JronTe" ba rS't 
ceUs and embryonic ^^^^^f^^^^^^^^^^l^ growth 
such cells might be -^<P-2f . ./shows 

of the receptor-bearmg cell types^^, 

■ embryonic fibroblast Une (STO), one ra 



line (BRL 3 A.) and one ^^^^ - 

(P33'3D1). Tne cdls were treatea with Fikl-.-^i to 
^est for ^he presence of .a candidate Ugand and also 
'^nh unfused StAP as a control for bad<srour.a 
bmdine. In repeated experiments., each of the cell 
lir.es tl'^ted exce^Dt P333D1 and BRL 3 A showec . 
coll surface binding of F.kl-AF that was several 
times higher *an the SEAP control. Representative' 
results are shown In Fig. ,2. • . ■ 

. As a biologically significant receptor-ligand inter- 
action is expected to have a reasonably hign a.xmity, 
a ccatchard analysis of the ceil surface bmdmg was 
performed by carrying out the binding assay '^th 
varyme amour.ts of Hkl-AP. The bmamg data give 
-aVonlIh.ar Scatchard plot consistent '^th bindms 
,0 two-sites of different affinities on the cell surface 
3) This is in contrast to other .\P tagged 
■soluble recaotors, such as the c-kit receptor which- 
Xe linear Scatchard plots when tested for oindir.g 
?o. their cell surface Ugands (Flanagan and Leaer. • 
1990- and unpubUshed data). The ; Oissocaton 
constants for Flkl-AP binding ' to the ceU surrace 
calculated from repeated experiments were approx- 
Liately lO'^" M for the higher afrinity site and 
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FIGURE Z. Blnding-ofFuVcl-A? solu-ole « -^f^Jba^d 
surfaces of csU lines. Call lures _ nki..4J« orSEAP as 

v^th 4 ml of con<ii^°^^d^t'^,'°jr^t% at room t.mpera- 

ther the cells 8MS or 3MSC ire mouse 

ohosDhatase activity. Cell: kr.es '^f^°'fJl'";„d N. Weich and W. 
bone marrow stromal ■"'^-n^L^^' ij a :at liver Una. STO 

Benjamin. Hoffman ^'f°^;^.}^^l^^\;;d:?-MDl Is a mouse 
is a mouse imar/o Sbroblas. une. 
macrophage line. 



3how3 the- measured aixa^ne r^^';'^^ rnicjiated :of 

■ data are show, as a Scatchara ? °< Tnl results of 

t^vo eel! surface binding sites ^'.^J^^'^o^o'o'^yj;,'^,, ced -^th 
^s..FerimentindKateap^^^ ^ 

a dissocaaon constant or J-^-.^^y in-i^JvL ■ 
with i dissociation constant oi l-J -< iu -vt- 
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^'crrLat*eiy-10'^ M for the lower affiraty site, and 
^'^^'aim-bers' of sices per ceil were approximateiy 
-nOO and 100,000 respecdvely 3), The dissod- 
'^^.n constant of the higher amnir/ site 'is simiiar to 
■'T.t ^^sdmates of the afnmty of ^^-^Mabeied VEGF. 
:i^\'ir^ to Flk-1 recentor expressed on ceil suriaces 
t!S^er et al. 1993; Quinn et ai. 1993). 

[n -arailei with the screen for cell surface liganus, 
we also screened ceil lines for secretion of soluble 
i U^ands by -a co-Ltnmunopredpitadon proce- 
'dure (Fig. 1Q/ Two polypeptides ^^th apparent 
rrole^^lar weights of approximateiy 19 and 23 kDa 
■"we-e detected pronunentiy Ln supematants of all the 
ceil" lines tested, induding chose shown m Fig. 4 as 
well as the 9' addidonai hematopoietic stromal. ceil 
lines described in Fig. 2. Tnese bands were absent 



from ccncrois where uTifused SE.-i^ was substituted 
for the Flkl-AP fusion protein (Fig. 4 A). Expen- 
ments where the amount of Rkl-.^-P 'fusion protein 
ixi the cc-immur;opredpitadon reaction was varied 
indicated that the affinity of the soluble receptor 
for these polypeptides was approximateiy ir. the 
nanomolar range, consistent with a biologically 
significant receptor-Ugand interaction and with 
the resiiits obtained from the ceil surface bindir.g 
experiments . 

The yield of the candidate c\k-l ligand polypep- 
tides In co-immunopredpi'tation . experiments was, 
several nanograms per 'ml of supernatant, as judged 
by silver staining of gels (data not shown). This 
implied that amino add sequence inforniation cauid 
be obtained from a moderate amount of conditioned 
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FIGURH 4. Co-unmunopredpitarion 
of candidate ligand poirpepddes widi 
Hkl-AP. (A) BMS-I2 bone tnarrow 
stromai caiis were labeled with ^^S- 
methionme, then the supernatant 
was collected and treated with riici- 
AP fusion protein or Sc^Af as a 
control, followed by immunopredpi- 
tadon with and-AP beads. Labeled 
proteins were then analyzed on- a 
15% polyacr/lamide ^ei. (B) Supema- 
tants tVom-a- variety or cell lines were 
co-immunopredpicaced with Bkl-AP, 
Indudins a bone marrovy stromal line 
(BMS-12), a liver ceil line (BRL 3A). 

u—.-^:- i^brcbiast (5T0), 5nd ^• 

macrophage line (P335DI). 
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me'dium One liter of supernatant from the BMS-1- 
TXZ. was therefore concentrated ana co- 
^unoprecic.tated. /ielding approximately . ,ug o 
^ of the candidate ligand polypeptides. Aite 
bLtnl onto a PVDF men^brane, the 23 kDa band 
was subiected to N-tertnmal peptide microsequenc- 
first mne .am^c aads of the resu tmg 
Sequence were found to ^atch the N-tertmnal ,e- . 
auerS (^-FTTtGEQK) predicted from the cDMA of 
SSi; V^GF (Breier et aL, 1992; Claftey et al., 

To confirm binding of VIG? to the Flk-1 receptor, 
murine -VEGF cDNAs were isolated by polymerase ■ 

■ ^^^r. (PrR') BMS-1 2 and two other lines 
(STO aTd pS3??that e%;ess the 19 and 23 .Da 

■ oTSii^nopredpitated polypeptides (Fig- 4 w^re 
tested by PGR and -were each found to yield t-^o 
pTolnent amplified bands -visible by agarose gel 
electrophoresis (data not sho.>^). >Jadeotide se- 
nuenSg of the cDNAs ir. these b-nds oiaicaned 

• ?hat they correspond to previously desc^.ced alter- . 
. nadvely suUced forms of VEGF cD£N-A cal ed.VEGr- 

1 and viGF-2 (Breier et al.. 1992; Clair ey et al., . 

992?. Wail e.xpressed-in COS cells... both ot these 
.cDnL yielded poh/peptides in the s-^P^"^-^^"^ 

-J'l^ Flkl-AP fusion orotem 

co-imniunoprsapitace wth tiKi .-a ' - 

• (Fie 5) The aooarent molecalar weignts yielded oy 
'S!'^^Cf-l a^nd VTGF-2 constructs, were appro>a- 
Ltely 23 and 19 KDa ^-^V-'^^-^^y-'^^^^f^.^f 
in sue to the two bands preapitated ^MS 
(Pi 5). These results further coniirm that the 19 

' a^d 23 kDa polyT^eorides co-immur.opreapitated 

■ Sm BMS-12 ar.d oiher cell lines are almost cer- 

aSy VEGF polypeoddes. Tne results also- snow 
^S^'the VEGF-1 and VEGF-2 polypepddes ooth 
bind CO the Fik-1 receptor. • 

■ It Ls known that VEGF can attach to tne suriace uf 
expressing, cells, and that this attaciiment can be 
eliminated by herpannase treatment (Feiraraeta^.^ 
1^. It therefore seemed possible that ch.e bindrng 
of Fk-l.^P to cell surfaces is mediated by_/-Gr 
assodated with ceil surface /° K 
this, COS cells were transfected w.m VEGt-l ciDNA 
and tested for F.kl-AP binding. , 
cells showed low levels of Hkl-AP bmdmg. while 

ceils -P— f 5;S<e'CdataTom 
higher levels or binding Uig. o), L-j^e 
te 3MS-12 stromal ceil line, the bmd^g ca a 
from the transfected COS cells are consistent vntn 
bindin-to two sites of. different anmities, ...;.yid:i 
apparent dissocation constants comparable to tnose 
measured for BMS-12 (Fig. 6>. 




VHGF-1 and y-EGr-2. were .cransfe«ed mto COS c^3 by ttv« 

BMS^l-' ceUs a^d ^nsfected COS ceils were metabobcafly 
f.be.ed •.v,:th "S-cne^cou-.a. .hen ■^-^^^^^^.'^^^^^l . 
lecsed and co-Lnununopreduitated wth the PJcl samoie 
receptor fusion protein. 

To assess further the nature of the binding of the 
FLkl- AP protein to VEGF on cell surfaces, we tested 
the erfect^ of treatm.ent of the cells with salt or mth 
heParinasev.The binding of Flkl.AP to BMS-12 ceUs 
■ or 'to transfected COS cells was found to be abr.os. 
completely inhibited by the presence of O.a M.NaCI. 
Pretreatment of the cells with heparinase abo_ra- 
moved most of 'che binding of Hkl-AJ (Hg. /A). 
Tnese results are consistent with an involvement or 
,onic lnteracdons.-^th heparin-like molecules at tne 
co>l surface. Tnese mteracdons probaoly uidude 
binding of ^/EGF to ceU surface proteoglycans, as 
^/^GF is known to bind heparin (Ferrara ec al 
1990) In addition it seemed possible that the' f-Lk-l 
rP.-»;tQr misht itself bmd directly to ceU suriace 
Proteoglycans, particularly in ;new Pf «cenc 
demonstration of an interaction of the FGr-Rl 
re'^sptor with, heparin (Kan et al.. 1993). Tms pos- 
sibifity was tested by applying the Fikl-AP hision 
protein to a heparin-Sepharose colmrm, At pri /.O 
'and a NaCl concsnJration of 150 miM, Che FL<l-i*^ 
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Total (00/hr). 



2Q0Q 



10 



■ Bound (pM) 



30 



! V nVT-Ap bindirLe to the surface- 
:^>3iates weretreatea .^^^ ^' -^^^^-n- we-e then wasned 



li^ifSnities. Tne results at this expanment '^'^^'^ 7' ^g-a jjf 
^'^-win sites oer ceU 'A^th a dissocaaon constant ot 1.1 •< lu i i 
iihd °°000 ^ dissooadon constant of 

te;ixio-"'M- 

^m' ■ - ■ ■ ■ •• ■ 



psrf^fusior protein bound to the hepann. column (r|. 
^ItB) SeT^P alone did not bind effecuvely (Rg. /B) 
^i^iMonsistent with the low isoelectric point of placenta 
■■ 'Alkaline phosphatase' which would give it a net 
^^adve charge at pH 7.0. The Flkl-AP rus.on 
irotein was .also found not to bind .to ancon)ugated 
iepharose (data not shown) u-idicatin§ that it binds 
aid the heoarin moiety' of the heparin-Sepharose 
^matnx. Bound Flkl-AP fusion protein ''l^^ f-^'^f' 
toffrom the heparin-Sepharose column oy NaCi coa- 
^ilentrations of approximately 0.3 M (Fig. /B). The 
^teractior^ of Flkl-AP with the heparin coluin." may 
ffi^e'direct or might be mediated by other molecules 
flreser^t in the conditioned medium. However it is 
lunUkely that the Hkl-.'^J' binding is mediated by 
IVECR because the Flkl-AP concentration . in the 
Icondihoned medium is much higher than the ex- 
Ipected concentration of VHGF. The results theretore 
"suggest that bmding of ttie Flk-1 receptor exrracel- 
^'ular domain to heparin-like molecules may oe 
finvolved in the formadon of a three-way functional 
|complex bef^een the Fik-1 receptor, hepann-UKs 
^components and V"EGF. 




P.k-l is one of a large number of receptor t:/rosme 
kinases that were identified by the nucleotide se- 
quence cor.ser/aQon of the ■ kinase domain, but 
initially had no known Ugands.. We and , others have 
previously used soluble versions of cell surrace 
receptors to identify Ugands that are transmembrane 
moie-nites (for exampfe, Flanagan and Leder, 1990; ■ 
Lyman et al., 1993). However, it has been .less dear 
whether the soluble receptor approach could also be 
'cronerallv applied to Ugands that are soluble. Here 
we have used, a raceptor-AP fusion protein to 
identify a soluble Ugand for, the fuk-1 receptor. 
Tne Flki-.AP reagent was used in a co-immuno- 
precipitadon procedure to idendfy a candidate 
li<.and in the sucematants of numerous mesenchy- 
mal c°U Unes. Co-Lmmunopredpitation from moa- . 
erate amounts of supernatant allowed the isolation 
of a sutficent yield of the Ugand for peptide nu- 
croseauendng, showing^.that this Ugand is VBGr. . 
This -^owth factor was also shown by others to oma 
Hk-l^'or its human homolog KDR, and was tound^to 
activate Fik-1 kinase acti^/ity (Teiman et al., L. . 
ivtiilauer et al., 1993; Quinn et al., 1993>. These 
results support the idea that the soluble receptor 
ar5nity auVroach.is Ukely to be of. general uSiity tor 
the identification and characterization or a wide 
■ variety/ of different types of Ugand, whether they are 
transmembrane, matnx-assodated'or soluble. 

Placental alkaline phosphatase serves as a useful 
fusion protein tag. Tne availability of antibodies 
a..ainst placental alkaline" phosphatase makes it 
s^aightfor-vard to . use procedures sucn. as co- . 
immunoprecipitation. Moreover the marker enzyme 
activity of the tag allows the fusion .protem to be 
traced quantitatively by simple chromogemc assays 
.,vithout the necessity of purification. ^-'^^^.^^J^ 
labeUng, or Uhe use of secondary reagents. Vv^e fca . 
that detection using the enzyme activity ot M 
fusion proteins "is compatible with a vanety of 
•appUcations including quantitative receptor-Ugand 
binding studies, in situ staining for ligands, and 
. librar/screening. Tne sensitivity of detection can oe 
■ at least comparable together "-«'^'<^*^^- ^"'^^^"'J^' 
use of Dur_tied and '^"'l labeled reagen^ (Flanagan 
and Leder, 1990; Flanagan et al., 1991; Orratz e: al., 
IQQT j±ds caper, and unpublished aaca). ^ 
VEGF was originaUy discovered as a secrete- 
polypeptide that affects endothelial ceU §rowtn and 
^ _„_.v.;i;H, it has been impUcated as 

'an LmDortann CaC'.or in aii^-u^-^.^^ 
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FIGURE 7 Role or hepann-lBce mQiec:iies in the interactions of Flkl-AP. (A) Effect or heparinase' on the binding of Flki-AP to VECr 
on ceil surfaces- COS ceils transfecred vvith ^/HGF-l cDNA were ircubated -^th or 'Anthout heoarinase, then were treated ^^th 
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both' tumor formation and ' normal development 
(Folkman and Klagsbron, I9S7; Breier et aL.-1992; 
Claffey efc al... 1992; Ferrara et ai.,. 1992; Plate et ai„ ' 
1992; Shweiki et aL, 1992; Kim et al., 1993; Miilauer 
et ai., 1993; Qumn et aL,.1993; Vliilauer et aL; 1994). 
In mice, two major alternatively spliced iorms of 
VEGF mRNA. and an additional minor form have 
;been identified (Breier et.al., 1992; Glaffey et al., 
'l'992). In 'this study we found that FLk-1 binds 'the 
protein products of both major alternative spliced 
forms of VEGF, VEGF-1 and VTGF-2. As Hk-1 is a 
receptor .for VEGF and is expressed in endothelial 
ceils or their progenitors from early stages of devei-' 
opment, ic LutKiy criat cut: uiLCJ-av-'-iun wi * -i-^-i 
the Flk-1 receptor has an important roie^ in the 
control of angiogenesis (Miilauer et ai., 1993; Quinn 
et al., 1993;. Miilauer et aL, 1994). Tne expression of 
Rk-1 Ln populations of ceils highly enriched for 
primitive hematopoietic progenitors is also sugges- 



tive of possible roles for this receptor in hematopqie- 
sis (Matthews et aL, 1991)',. and. co.xiid! be-.consis tent 
with the' possible.- e;dstence in' the embryonic blood 
islands of a common progenitor for endothelial ceils 
and hematopoietic stem cells (Risau, 1991)., 

Receptor-ligand interactions are typically. studied 
at the surface of the receptor- bearing ceil,, although 
the interactions or receptors, growth factors and 
accessor^/- molec-des at the surface- of the iigand- 
presenting ceil may also be an important. determi- 
nant of biological acti^/ity: .Tne .use:.. of soluble 
receptor fusion proteins, as described-, here^. allows a 
characten-zation- of such interactions. VVe'^^ and that 

surfaces of expressing cells, without treatment, to ' 
release the factor into solution, Tnese- results indi- 
cate that, when VEGF- is 'associated with, proteogly- 
cans or other molecules at the- surface . of. the 
expressing ceil, it is not sequestered from'.. direct 
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t to Its receptor and 'is thus likaiy,to be 

m: of cne'iiatm- a direct ceU-ceU interaction. 

IS^S «i surface produces a aon-Unear bcatd^ard ■ 
consistent ^th binding to t^^o- classes ot site 
Setent affinities. Tnis could be due. to an 
"?^olvtme;t of hepann-lixe molec-ales in the inter- 
lon For e.xample one model would be thac the 
f^^r afSnif/ site could represent a simple inteiBC- 
'!rJvEGF and Rk-l only, while the.higner 
SX"s-e"could be produced by a further stabih- 
"^P^of this complex by hepann-like molecules 
T,cZ^ with both V-EGF and P.k-1. Further 
uppor^or this model comes from the finding that 
^^e^oluble receptor can itself bmd to hepann, 
u.^e ting the .possroiiity of a direct mteracnon 
be?^e»n Sie Flk-1 receptor and heoann-Uke mole- 
cles at the cell surface or m e.xtraceilular matn;<. 
^■T^i. model is als A consistent- •^:th a- recent repor^ 
- SvSri-t the mteraction of soluble VEGF.and 

■ p^.^an be modulated by soluble heparin (Tessier 

''o^ results suggest chat. there may be^some cell 
H^e srecifidty in the ability to present V^G^. For . 
•e^mole, the P33SD.1 and. BRL 3A cell lines were 
ound to express VTGF polypeptides, but htde or no 
Rki-^J fusion protein bound to the surface .of 
those ceU lines. Speci£c cell surface proteosiycans. ' 
mav therefore be required to present VEGF on une 
cell surface. In this regard, it is of. interest that the 
P388D1 line vv/as recendv shov^m to e.xpress a spe- 

■ dfic subset of cell surface proteoglycans (Yeaman . 

■ and Rapraeger, 1993). Specific interactions with 
accessory proteoglycans might play an impjJ.rtant - 
role in modulating the activity ot VtGr and 
could represent potential targets' for therapeutic 

In several resoects VEGF \s similar to oasic.abrp- 
blast growth factor. They are both hepann bmding . 
-owth factors and have angiogenic activity in mcro 
and in ott/o (Folkman and Klagsbmn, 193/; teirara 
pt al 1992; Plate et al, 1992; Shweiki et al., 199.; 
kirn et al., 1-993; ^allaue^ et al.,. 1994). Hepahn-Uke 
molpcales are'':cno^vn to promote high afnnir^ tunc- 
tional binding between both factors and their recep- 
tors (KQaesbron and Baird, 1991; Rapraeger et ai 
1991; Ya'yon et al., 1991; Bemfield et al., iVV^; 
Gitay-Goren et al., 1992; Omitz et al., 1992). A 
receotor-heoarin interaction was obsar/ed here tor 
Flk-l and has also been reported for the tibroolast 
growth factor receptor FGF-Rl (Kan et al., 199-.). 
The iDeciSc soadal localization of angiogenic factors 



on th.e ceU surface or extracellular matrix and the 
effect of such interactions on .the abiHty of dneir 
receptors to recognize these factors may play ixnpor- 
tant'roles in the control of angiogenesis. • 
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-me iSo-amino acid fora of vascular endothelial 
growth factor (^T:GF.„) is a auto««n f^^^^^^^^fj^ 
Seiial ceils and a potent angiogemc fac-or. i.:^re98U>a 
of a chimeric receptor containing the 

nxain of the /lA-I receptor fused to the =ransinejnbr^« 
intraceilnlar dotnains of the human c-pn. receptor 
in ^aH-3T3 ceUs, rearUted in the appearance °(^^>i^J^' 
finity binding sites for -1-V^:GF,„ on transfected cells. ■ 
?^e binding of '"I.V-EGF,„. to the /U-i/^. """^"V" 
C8p«>r of the transfected cells as weU as the VJIGF « 
induced autophosphorylatioa of the cmmerrc receptors 
were inliibited in the presence of low concentrations ot 
wL^n (1-I0..u»'ml).ln contrast, sinx^lar oon.^entra^.o^^ 
of heparin pocentiated the binding of '^I-^^^J'" '° 
endosenouTNTEGF receptors of the transfected ceUs. u> 
"catLg that to some ertent. the effect of heparan on 
131T.VEGF . binding is receptor type-dependents 
- i^lnble fusion protein containing the eXtraceUjdar 
■domain of flk-l fuaed to alkaline pnosphatase 

-as used to study the effects »f °° 'J^^^ 

b^ng of -I-VEGF,„ to flk-1 '^^^^-^X^Z^C^ ' 
ment. The fusion protein specificaUy. .nlub.ted VEGF.„- 
"duced proUferation of vascular endotheUal o^^- 
bound '"I.VEGF,„ inefficiently In the absence of bepa- 
rin^Xdditioa of lo.. concentratioas of heparan or hepa- 
ran sulfate (0.1-1 Hg/mll resulted in « ^'^f, P°'!°'\"; 
tion of '^n-^TEGF.^ binding, whereas higher heparin or 
heparan sulfate 'c" ncentratioaa ■'^^'^^tf .t^^^^'^'^f. 
The effect of heoarin on the binding of X-VT:GF,„ to 
S i/st^P could not bf -i-icked by de^a^d hep^n 

ri^d'-^tht^bifd^nr^^-ri^wtic^^^^^ 

were added to fhe binding reaction. However, higher 
roa«ntrations of heparin abolished the inhibvtion. m- 
dica"ng that the inhibition is probably .^^ ?°J=: 

netitioa for available heparin. Taken as a whole, these 
Ls:S^ indicate that heparin-Uke -o^-^- 
binding of VEGF,„ to its receptors in complex ways 
which depend oa .the heparin binding properties of 
■ V-EGF,„. on the specific VEGF receptor type ^^^olved. 
and on" he amount and composition of bepann-Wte mol- 
ecules thac are present OQ the ceU sunace of VEGF re- 
ceptor Goufeaining cells. 



• T^s wcrk -aa 3uppor«d by Grant ^°-^°^;r'^XT.lC:^tr 
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Vaacalar endothelial ^owth factor C^GTY la a secrsted . 
heparirL-binding jiycoprocein that displays some structural ho-' 
tnolog:/ '.vith PDGF. FWe forms oi* human VEGF mHX^A ancod- 
ir.§ ^rEGF proteins of L21. 145, 165, 139, and 206 amino acids ■ 
axe produced from a single gene as a reauit of alternative 3pUc- 
mg h' 2). The beat characterized VEGF species is the 165- 
amino'acid long form O^GF,s,>.-The acrdve form of VEG?,„ is 
a homodimer of 47 itDa (1, 3) that mduces angiogeneais and • 
blood Tesael oermeabiiizacion in uivo -and displays a mitogenic 
activity chat seems to be restricted vascular endothelial csUs - 
(1. 4r-3)- Several recent reports indicate that VSGF may play . 
an imoortant role in the process of tumor angiogenesia (9-Ll)- 
V^GF.gft binds to specific cell surface receptors which' are founa 
on vasUilar endothelial cells, and on several types of non-en- . 
dothelial cells such as iMIK-3T3 ceils and melanoma cells. -^hich 
do not seem to respond Co V^OF,^ v^th a cnitogenic response 
il^-lQ) "Ceil surface-associated heparin-like molecules ar^ re- 
quired for the Interaction of .VSGF,« with the three TEGF 
re'-p.tor types obser/ed on vascular endothelial cells (13) and 
vath the two receptor types present in melanoma cells 

^^The protein encoded by the fit S^ne was recently reported to 
be a ^/T=^GF receptor (17, 13), belonging to the PDGF receptor 
subfamilv of the tyrosine 'kinase receptors (19). The flk-1 gene 
was isolated from an embryonic Uver-derived cell popuiation 
enriched with primitive hematopoietic scam cella (^0, 21) and 
encodes a tyrosine- kinase receptor that is homologous to fit. 
The oroduc: of the flk^l gene and the product of its human 
homologue KDR also bixid VEGF and undergo autophoaphory- 
lation In response to Vh;gF However, it is not clear yet ^^r^echer 
flk- 1 ot fit can trar^sduce a VEGF induced mitogemc sipal (22,. 
•^3) -Both/Zt and/TA-i contain seven immunogiobulin-like loops 
Tn their extracellular domains, whereas other members of .the 
PDGF receptor family such as h-kit or cf^s contain orJy tive • 
immuno dobuiin-Uke loops (20). 

We have expressed the flk-L cDKA and a chimeric gene con- 
taimng the extracellular domain of /U-i and the tyrosme :Ci- 
n^e domain encoded by the c-/7n. gene in KIH.3T3 cei Is^nd 
we report that both the chimera and the native receptor en- 
coded by the flk-l gene bind VEGF,«, with nign J; 
Lw that heparin concentrations - that ird..bit^^^^ 
i2iT.vVG^,«, to the chimeric receptor, and the V-SGF^^-'-naucad . 
autop^osphorylation of the chimeric ^^^^^^^^ 
bmding ofV^GF,^ to endogenous receptors ot ^^Tw-3T3 cells. 
We alao present evidence indicati ng that bne uiuunig 

^ The abbreviations oaed are: VZO?. vascular endatheliai '^rov^h fac- 
tor VZCr?\ L65-amino acid forni of vascular andocheha grawth rac- 
or aFGF addic nbroblast growth feco^n hFGF. banic Sorcomat growth 
far^ar aSA bovine aer.m albumin; CSF-l. colony lacmgtac^r U 

EOF =p^^aL factor ?AGS. polyacr/lamide gel .Lectropnore- 

ais; ScJKP, aecreced aikaline-phoaphacaae. 
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WGF „ :o a soluble fuaion protein containing che encire e.x- 
traceaulardomaii, of the,'I^-2 receptor is .trongly .rin^^^ 
heoarin. but act by chondroitin 3ulfate or desuifa.ea heoann. 



EXPSRIMEMT.'U- PROCSDURES- 
Afa«r£ais-Human recombinant TOGF,„ purified from the con- 

l'^:^Zi^^:^^^l^^^^-''- -P- hydrophobic ohro- 

ZllT^Z rZ.«=hans. chromatography, -i^^P-^-P-^r: 

to,dly S.VB„ oy Dr_L q,. G««odaro«ac= (Chiron 

M^ui i«l: C^tShead tna.it.t« for Biccedical ----^^^"J"-/- ' 

Dr i T Gallagher (Chriacie Hoapitni, Maricheater. On.cea tCingdocnK 
tr^"a;^ld:Ta-w/ourd.t^^^ Eu^iand Nuclear.' 

. ^.;SrpiiIde.ar, »a3 obtined from ^'^J^^^^^T^^Zl 

media aera and caU culture auppiementa were troro Beth-haemes 
-■B^fo^cal^duatr-iea. Pres^ned M.h molecular .e.gh. a^e markers 

v„ere purwaaed from 3io-Rid. Diauccunnuoyl auoenita «a3 

fr^m Oiemical Co. Anti-alk^ine ohoaphataae ancipodies A- 

^^"^n'^aTah.^y) «:.re from Medi.. 

were Produced a.a.nat a '^-"'^l^:^^l'^^^l^^^!^Z^J^ 
CS?-1 *aa purchased from C-enrrme. AU or '•^^c 

Il,.fnv> Fusion Prr,U':r^-t^ anciaenae. oligonuc eotide (a -GO<-A 
,- pfi^iiJ^rC^.\GTTGGTCTrrTC-3') ruai.n? the laac =o<ion (under- - 

°ufd™^ 'S-cr«ulardoma.n(20,toa^^^^^^ 

in conjunction .vich a sense flA-I oligonucleotide (position 138° ^'^^ 

^./"equencel to aniplilV a ,maU ftia.on f^S^n-t Digestion of the 
. .^gn«nt -^ch asil and Sari (position 2*52 in the f^.-! a„e an^ 
. sel purification yielded a junction fragmeac A a / *; ' /J^^^^'^^ 

preoared by sequential ampUncation and joining of the /Z^- ( 

b"we.n positions 120 and 1739 (rom tv,o !>'"""'^''/f°"I'* '^^tji 

addition orHindlll linkers. Tnis fragment «as 

and SaiT (position 535 aiter :he .^TG codon) ana gel-punned. A f"!^^' 
cortaaning the bulk of the extracellular domain was P-^'S'''^ ;° '""^f/ 
digestion lith S^il and Eart. AIl of the above fragmen^ Tm^^^ 
■ nwualy Ugated with dephosphoiylaced ffi^dUI- and flgit-vngestea 

CTM- JO mng .^t-/ 3^ueac«a to c/m. ac a position s.. am.no ac:da 
uostreai, of the c-/- .transmembrane do:na.n (261 v.aa 

■ ^He conacmction of ihe /TA-i/c/ms (the laat flh^l amino aad >3 onder^ 

• UnUra^S complemenc wa. used amplify two cragmenca .verlap- 
prng at.he pca^aoa of gene maion. The oligonucieot.des used were ac 

■ fr.gmen.3 ^ere rm.x.d and r.-amplmed -th the ^^^/^ . 
nucleotides (1380 and 2032) 10 creaw che ^^^?" /^^^^^J;^?!^ ^ .u^! 
the cDKA .needing the extraceUular domain ^yl^' ^^^^^^^^^^^ 

• fusion fragment aa described for che .-reacion of the /^TA- //S^*^^ encoaing 
^uuence.>he sequence encoding ti.e mcraceilular and transmemorane 
domaina of c/ms wa3 grafted :a this niaion fragment in a similar man- 
ner. The DNA encadiiig che encira chimera wa^^^n suocloned inco uhe 
pMFG s-XTJreaaion vector and sxpreaaed in Mir*-J •'^J^^^^f; 

?:xr:rE«aon of che flk^ I / SE.^P Fu.ian Pra£a:/:-.en liters ofcond^- 
....tA ^^lnm from ^-//SE.AP cransfected NIH.3T3 cel . were con- 
centraced lO-fold by Ungenc.ai How ultra- 

membrane. Fallowing concen.racion. the condi^oned ^^^"^ J" 
fied by titration through . 0-2-u Slt^r and then loaaea on.c a IS-m^^ 
monocional and-3E>-P-SeDharose coiumn uihb raced pre vroualy •v.th. 
a I" HCU pH 7.0. 0.5 M NaCI. and 2 m^ EDT.^ Th- samp ie wa. 
redrcLted over the column Sve .tunes and ^^^^^^^^^^^^^ 
- viumea of 0.2 M glycine HQ, pH 2.3, Q.5 m NaU. ^^^^^^"^ 

■ immediateiy neucraii^ed -^.h 2 m Tr-l^ base, .racuon. -"^^^^^^"^^J 
• fiad ,7A-//SEAP were pooled, dialytad into 0.0 1 m P"-?^^"'*'^^!,'^^ 

3aJine. dK T.2. and frozen at -20 The punty of the /-TA-i/S^.^ 



preparation waa >90% aa determined by SDS-PAGE and terminua 

gequenihng. r> ,i_ . j-- j 

Ca'i C:jtiure— lMIK-3T3 cslla -werf; .grown m Duibeccna aiodined c^a- 
glea medium 3upplemenced '^Lh iQ*fo fetal calf aerom. 2 mw giucamine.. 
and antibiacica. Hujnan ambiiicai ■■•^in-denved -ndotheUai ceils 
mamcained. and their proUferacion In reaponae la vanoua growth fac- 
tors moni cored, as described pre'/iouaiy (3, 27). 

Binding and Crass-Linkim^ or^t'^CF,^—lQdin.aziQn of human re- 
cambinanf v-t:Gr,„ -vas performed aaing the chiortunine-T mechoQ. as 
described jre-nooalv (12). Tae aperinc acti-ncy of the ^"I-V^Gr,„ waa 
about 10'' cnm/ng. Tb croaa-link '"-^I-V^GF,« to the rlk-I/SZAP fusion 
protein, y^ZjEEW/SEAP (100 n^mi) and '-^^I-VDGFiBa ( 1-0 ng/mi) were incu^ 
bated at room temperacure for L h in binding buiTer containing lO mw 
HEPSS, 150 mM ^aC\, and 20 tig/'ml bovine ierum albumin (BSA). T!ie 
croaa-Unker (disucrimxnidyt auberate*) waa chen. added la annal concan- 
tracion of 0:2 mw for 15, oiin qc room temperature, and the reaction was 
3mpped '.vith 20 mw giydne. The binding and croas-ILnking of '-*T* 
VEGF^sa to/^tk-/ and to fik-Uc-fms tranafected and noncranafected >fIH- 
3T3 ceils were perianned, and croaa-liniced complexes -/iauaUzed, as 
deacribed previously C12. 15). ; , - 

VEGF ^'inducsd .Autaphosohoryiation of the- fui- U c-fms L^zimen.c 
R^c^pcor :a r^an^fectsd i^lH-3r3 Clcnn C.^i^-C oolluent cells m a 
lO-cm 'iiah w^re transferred to aerom-eree medium contammg Q-OS m^* 
sodium arxhovanadate/and che cells were incubac^a 4 more n m this 
medium at 37 ^C. oubaequendy, the medium -vas chanefed co aerum-free 
medium containing 0.1% BSA and growth factora were added to the 
deaired concentraciona for UIQ minutes. Followmg atimuiation che me- 
dium waa asDirated. and the celia were waahed qmckiy ^th ice-:old 
Duibeccoa phosohace-bufi-ered saline containing I mM aoaium or- 
■ thovanadata.The ceila were then lyaed wich ice-cold lyaia buffer (10 mw 
Tna-HCl, pK 7.^. 1% Triton X-IOO. 50 mM NaCL 30 m.M 3odium pyro- 
phoaphate, 30 mM 2 mw sodium arrho vanadate, 3 mw ZnCy o m^^ 

ahenylmethvisulfonyl nuoride. 0.1 m^ml aprodmn. and 0.1 mg/ml leu- 
peptin) Lyaatea were tranaferred to chilled Eppendori-tuoea and cen- 
trifuged 5 mm aC i2.0OO.x g ac 4 "C. Supematants from eacn lyaate wer= 
incubated with 5 }ig of affinicy-purified antibody directed agamst c-,/tl5 
and protein A-Sepharoae for 2 h at 4 'C with conatiant ^haking^ Beacs 
' w*.re aubaeauently washed once -^ch waah buHer A (10 mM^ Tr-^a-rit-U 
pH-8 0 2% Triton X-lOO. 150 m.v, NaCl; 2 mM. £DTA,-and I m« soamm 
orthovanadate). once more with the aame buiTer concaimng 0-^ ^v. NaCl,. 
foUowed bv two washes ^vith 10 mM Tris-BCT pH-a. The beads we rjs 
boiled m 2 X SDS buifer and the aupematant. separated on^a 4^U.« 
eradienc SDS-PaGE gei. Proceina were iranaferred to nicroceUuloae oy 
^ectroblotting. Phosphoproceina on the '^^'^f 
Lng an anti-phoaohocyroaine antibody (Upstate Biotechnology. Inc.). and 
bound ancibodies were risualixed using the SCL syscem t.^meranam). 



RESULTS 

The Receptor E.-icodad by che flk^! C^ne Bmd^ '-'!-VECF,ss 
with High .^^/ttiv— Fail-Un-th flk- 1 cDNA ^va3 aubcioned mw 
the molonv murine leuicemia •nrus long terminal repeat driven 
exnression vector pMFG. Tnis expression vector waa 3tably 
co.'tran3fected into both iSriH.3T3 cells and baby hamster kia-^ 
ney-derived fibroblaat (BHK-21 celU) (23). The presence o: 
VEGF binding sites was axammed in geneticin-resiatanc clones- 
ot cells using ^"-^I-VEIGF,,, binding (12). The transfection re- 
suited in the appearance of doners which e.xpressea low densi- 
ties (no cnare than 500 receptors/ceil) of high affimcy - 1- 
VEGr binding sites (noc sho^vn). We ccuid not detect a 

^ ■ 'v/irrP in rh^se c*»il3 nor could we de- 

micogenic response w vcwfisi tn tnebe c.-u3 

tect VEGF.j^-induced autophosphor/iacion. , 

To trv to overcome th.ese problems we have expressed m 

MTF-3T3 cells a chimeric cBNA coacaining 'the extrace u^ar 

domain otflk-1 fused to the transmembrane and intracellular 

domains of the CS^-'i- receptor (c-.rm^). Saturation o^nmng ex- 

periments'in which increasing concentracions of '-T-VbGF.sa 

were bound to ^fIH-3T3 clone C-t ceils expreastr.g the chimenc 

flk-l/c-frris receptors were analyzed by the method of Scatcnard 

using the Ugand program (29). These. experiment^ revealed one 

clas^ of high amnity binding sites for ^=n-^/^GF,^ w.th a ois- 

30c:ation constant of U9 :< iO"^' m. The density o£ these /Z^-i/c- 

fms receotors was 2300 receptors/ceil CFig. 15)- 

Croas-Unking experiments revealed a '==I-V^ GFjga-CQntain- 
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NIH '-iT:! ,^Hs m.r.-/-m.>-p™ducing (ia,.« / .nd .nd -"-^-^^^^^^ 'jribsJnl^ UaJ .l / and ,-;) or 0.3 of .unlabeled VPX,F,„„ .„d th. 

dls/wd . ln.r<,J..5euncenu.t,>.ns "7-'^^'', '^"^"^j™", ',^0 sptu^^^ -'"'-^--l th« subtraction .fthc aoMspo=-n= hmams 

,al mLuredin the pr=s.n=rraf 0 5 pg/ml anlabu-lcd ^5 L "ctiK w.'^^ U»hcd thr.« t.n,« «ith L ml of Ice-cold Oulbecc.'. phospt,ato.bulTer..d 

sal.ne cn.xt-auun^ I mg/ml Q^'^' J^^J;^^^^^^ ......inoLlv bound •■^l-VEGF.,. .s oloCLed uh a FuncLion- uf adaed [-^^Gr,„ canc.nc.a. 

st""hardpirdV,..drn,m^ : - . ... 



L««. / and .11. The rort..t:.n of this .implex ---^■';''^'^^^^,> . 

exc..s t,f unlabeled VEGF,., Cj.^- LA. U'^ ^/''^n a ' 

receptor .vas aatophnsphorylafeci" ,n. respon..a f^^^-^ ^ 
dose dependent fashion (Fig. 2i: Because of the -'^^'-'^^ |f 
est=r<:s.-on levels uf the /ZA- Z/c/m. chimenc receptor tn. Nlrt- 
3T3 clone C4 ceils, .nd because VEGF..,-induced s.gaal rans- 
ductmn c«uld be observed .n these cells, we have cht.sen u.e 
the NIH-3T:3 clone C+ cells for further expenmeius. 

r/tr. Etfo<:t or Heparin Mn th.^ Bi.n.di.i^ of 'l-VECj,,, to t^^ 

t^cni E.pn...d .n NlH-.m C.U.-ln the absence o exa5_^ 
en^ms hepari,, the cadotfent.us receptors of the t^^H..T^.. , 

celUI 151 ucebarely detectable (Fig. 3, ia.-a- ^ H--^^'. '-^^^ 
■ ow conce.cratiuns of.h.pann U .u./nr.l. are .ncluded ,n the 
binding reaction... t.v.n '-t-^GF .-receptor com ple..e. . a be 
detected (Fig. .3, Ian. ?)■ The b.ndtng o( - '-^f^J^- "^^^^ 
• receptor., is tnhibued when 0.5 ^g/ml of unlabeled V^:GF a,e 
added to the binding Veaction I not shown.. In contract, the 
binding of '-l-^/EGF,,,, to the M-/./c-/>n.. ch.menc receptor. 
' expt-e.ssed in transfectcd NtH-3T3 clone C4 cells was eaaily. 
dete-able even in the absence of added hepann iFig. LA and 
r>5 3 lane :} K ,\s e.-cpected. the endogenous receptors of the 
cr-ansfected cell. w«re not seen when the binding was done ,n 
the absence of heparan ..F;.. and Fi._ ..J... 3u C^o .gn^.- 

owTr than 1 l^'rui w^re included in the binding react.on .not 
shown). When 1 ug/ml hepann was added U, the ^"^"i'^S --o^ 
,io.. the b.ndtnt; of -t.Vi:CF„„ u, the f^'' ''^^^^^^ 
receptor w;.s .siL^ir.cantly inhibited, wherea.s the b-ndtn,? of 
'■."l.WGF to the endogenous VEGF receptors ot the trans- 
fe-ted'cellswas potentiated (Fig. 3. ia,i« 4,. Sinular concentra- 
« ns of hepanr, al.so inhibited partially the VTGF -.nduced 
lutophosphorvlatmn of the transfected /U. //c./.i.s- ch.menc .c 



■ Cell Line: C4 (d-rv Tn_FMg 
Growth Pactor: /■"vEGr 'CS?-t. 



ng/ml: 




• *2 

F,r ■> VZGF,„ induces autophosphor/Iation of flk.l/c-/m;f chi- 
meric ';=«pto^. NIH.3T3 clone C4 and NIH..ip../-,ru. 

induction with growth factors as descrihed under -Matcnals ana Muth- 
Tds - The celU It. stimulated for 3 mm -ith ..h. ma.catcd =.-onc.ntra- 
don- -r VEGl.',,., ..r CSF-l. Following simulation, the «ll. -vere ly.od , 
>nS the recev"." immunoproopitacud, with an«-.-,-m.- antiood.ci. 
d^c-^ibed under "Matenals .-.nd Methods.- tmn,un.,pr«:pxtated mute- 
naTC" chrumatoyrupHed on a SDS-P.^GE ,el. --^.'^-^^^^'V^^Sb.d 
luloao. and tyn«>ne.;jho=iph.,ri.latod protom., vtsual.7.ed « deicnh.d 
under "Matarials and Mcthnds.' 

ceotors. indicating that the hepar.n-induced inhibition of 
^AEGF binding to the.transfected receptors ,s accompan.ea o/ - 
.educed receptor function iFlg. .... A KigH- ccrKentrat.on o 
hepann ( 10 ug/mn inhibited the bindvng of •■^l-v-EGr „ .0 .he 
e^doeenou. and to the tr-an.fected VEGF 

5V U therefore follows that in the presence at I ug/ml nepann 
the b.nding of '-I-^CF,,., to one type of VEGt' ceceptor .s 
ootentiated. whereas the binding of -t-VECF , to another 
class of VEGF receptors is inhibited, al.thougn. both receptor 
tvoes reside in. the same cell. „ r- 

'r/te Binding' nf ''"l-^ECF „^.. to a SnLutCe flk- , I SE.^P Fu...nn.. 
Protc-.Vi L« c: Ccii-fr^c E^wircunerU Is PaicntiaCed by hepann- 
NIH-3T3 c»lls. as well a.s most other cell types, contain ce.i 
■ surface-associated heparin-like molecules (30i. Therefore the 
modulatory etTect:; of e.-^ogenously added heparm-like mol- 
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Fu- The effeijt of heparin on the binding qf '-T-V^GF,„ ttj 
che endocenous VKGF r«t:epU>rs and to the ak-i/c-p7t.v chimeric 
.^:«pCars^<.rN^^^^^^^ clone C4 c«Us. 

bound .0 parental iN(H-:'.T-. call Uaa.s I .md 1> ). and l-;;!^';^;;;;';^*:; 

cells .innL..v m Lh« ahsc^nce ./r./,«.v / and .D or .n ch. prL-.cncci I 

a.'/n,i Uuno^ i ::nd 4>.or 10 ^i^/mi Uano.-Ji heparin. Tlic .uhscqu^nC 

MiiChQdji-. ' Laitiis I :ipd '1 w«r« auturaaioffrciphcd for 9 days, dnd /a/tt.-t 
■ ,7—5 '.vere iiucorndiocfraphcri for 5 days. 



VEGF (ng/mi): . 
HEPARIN (ug/rnl): " 



.F!k-fms 
3T3 



S 5 } S 10 10 
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F.<; 4 Inhibition of VEGF.^^-induced phospho rylation of flk- 
Uc-Fm^'by heoarin. NTH-i^n clone Cl werr; ^n.w.n in 

dishes and-shiftyd cti serum-FiW medium for ^ h before th« ^.xpenment 
~ a. descnh«d under -MaUnaLs and Mechnds/ The cells were stimulatGd 
w,th \^GF,,, at 5 nr 10 nK^mf Tor min in che absence or prescntrt: of the . 
indicated amc«ntratu,ns nfhepann. Follosvinjj .timulatuin. cu-lls were 
Ivsed and th.i reccocori Imnmnapreapitaccd with anti^c-/"'^ ant.bod.es 
as de.s*:ribed under ^MaLenals and Methods-." ImnmnoprL-.-ipitatL-d ma- 
canal was chro.uataj^rapbed on a S.DS-PA-GE -el. transferred to n,tn> 
cellulose, and t'-ToaLni^-pbasphur/latcd prnt^ins were -.n sua 1 1 zed as de- 
scribed under. "Matenals- and Mcthoda." 

ecules on ^-''UV^GF,,- binding are superimposed on the efTe'-jts 
of the eadcgenous celi surface-bound Kepann-liice molcicuie.^. Ta 
5tucivthe.inU:rac:tionbetvveen'-\T!:GF.,,and the/ZA'-/ receiptor m. 
"a contruUed environcnent in which che cumpositicn of glyco- 
samir^oglvcans can be .cnntrotled precisely, we prnducad a 
<.olubiB fusion pnotein consisnnf,- of the ^xcraceliu lar doma. n uf 
/Z^.'/ fused to iiecreted human placental alkaline ahoaphcicase 
( S E .'XP ). Th e /S E.'^-P fusiQ n p ro t.a 1 n w a 6 no t re ta.i n ed on a 
hep'arin-Sepharo.se "colunrvn and specifically inhibited the 
' ^/^GF,f..-'tnducL;d. but not che basic tibrobla^it grnwch factor- 
induced! proliferation of human umbilical vein-deHv^d endo- 
thelial cells bv more than 70*-^r. (not shown 1. 

To sfcudv the b.ndin-of '^-^f-V^OF,„, to che /I^- //SE;\? luaion 
prncein. ' -'-[-VEGF was incubated with the i=uHion prnce.n Lind 
bound '''-^''[-V^GF.,,,' was sub.sequently crnss-li nkcid to the- 
^nJnhlP rP.renf.nr e:^cess of BSA was added ■ to the bindinj? 
reaction in order' to inhibit nonspecific binding. Labeled '-'l- 
VtGF,,.. /7A-//SE>-P comple.v.eb of 205 kDa could be detected" 
Vollowmg cross-linking. huL the efficiency of coiTiplex formation 
in the absence of heparin was tow ( Fii?. 5A and Fig. 55, ian^^ I 
and .n. ^-'i-V'iGF,,^.-recepcnr cotnpltixes cnuld be seen under 
these conditions ontv after prolonged exposure 1 not . shown ). 
This hepann-independent binding was more prom.nenc when 
hi-h concentrations of '■^T-VEGF,., (40 ng/ml) were used (not 
shown). The addition of 0.1 ug/ml of hepann to the binding 



Heoann (M9/ml) 



Fit:. 5.. The effect of varitm.s glycosaminoijiycana on the bind- 
ing: of '"'[-VIEGF,^, to the flk-L/SE-\P fusion protein. A, the erTet;t of 
incn!at;in« cuneentracitm.s iU !n;pnnn nn the hindin^i of '~'I-VEGF,^^ L1.1 
nk-l/SEAR '-''t-'v"EGF,rt.v ' in n^/mi■^ was bound to soluble /Ik-f/ScAP 
I 100 nc/'mD'ui the presence of increartinf?- cunccntracions nf huptirin a.s- 
indicated. Binding was. purformed for. L h at rt>om temperature. The 
^fuh.sequa^tcroa3.linkin(^ nf bouiid '-'I-\/EGr tn th«.//;r- (/SEaP fusion 
prncein and the 'nsuaIi;:aLion of crrjii.s-1 inked compieKes were done as 
described under "Matenala and Methuds,™ The labeling density, of the 
^'^'{~\rZCf\fj, p.k- l/SEt\P cn(nple.>:es that were formcd i.see 8) were de-^ 
ten-ntned using a eliniacun-2 densitumet-ef, nnd plnttnd as a runcUon.yf 

■ hepann conceuLration. 8. the ciToct uf native and mtidiHed heparina and 
nf '.'ai-ibu.s g!ycusaminot<tycans. on the binding of ''■'t-'''^GF,^,. to nk-b" 
SEAP. '"■UVH(.'.F,r- ( ill nij/mll ^vn.<^ hound to soluble /U //SEAP ! 100 
n\r/m{') in the presence uf the fnllciwlnt< additional Innus I and J, no 
addiLion.s: i^riae.v 2 ^md 4, 0.1 ug/ml hepann: fa/i».' J, 0. I piymUhondroitin 
.sulfate A, lane 8, 0.1 uy/'ml chnndrnitin sulfate C; iane 7, O.I pt,'/ml 
fV/O-de.sulfaLud hepann; Icint'.-li. (J.OOn p?'ml O-oversuinitod heparin. 

. Bindini; was pennrmcdTnr 1 \\ at room ■ lemperaturc. The subsequent 
crn«a-liakmt; ofhound '-'1- VEGF,,^, to theVIA- //SEAP fusion protein nnd 
the ^'^suali.^ption of crn.^s-Ji nkcd ctimptc.>:es were done. as described un- 
der 'Materials, and Methods." 

reaction potentiated the binding of '-'1 A^CF to' the soluble 
receptor (Fiy. 58; ian.a^ 2 and 4 ). Densitometric analysis shows 
that LO ng/ml of heparin already .producc-a 3-fold- potentiation 
i>f' ''''[-VEGF.ji., binding to the soluble receptor (Fig. 5Aj.' A 
ma.^imal 4.fotd potentiation of '-'t-VEGF^^i. binding was pro- 
duced in the pr-sence of O.i pg/ml heparin, and heparin can- 
centrntions higher than LO pg/ml progressively inhibited the 
binding compared with the mardmal binding level obser/ed m 
the presence of 0.1 u^/ml hepan n ( Fig. 5A ). Labeled cnmplexeJ^; 
wero. not formed when' '-n.VliGF,^, monorhers .were used in- 
stead of dimers (.r2) cjr when the binding of '--''C- v^GF,,;,. was 
performed using SEAJ' insue:3d of the /I/t ■ //SEAJ^ fusion protein 
(not shown). The heparin concentrations that begin to produce 
inhibition of '"^n-VEGE,,;-. h.nding to the flk- ;/S£.AP fusion pro- 
tein ars higher than thu hepann concentrations that are re- 
quired for part:ial inhibition of '-^[-VEGF,^ binding to the/^^^ 
//c-/*m.v chimeric receptors of transfected MIH-3T3 celU ( Fig. 3 ). 
Thus L pg/ml hepann atill potentiates strongly '-'I-V^GF,,^... 
bindinii to /Z/C-//SEAP. but similar concentrations of hepann 
already .inhibit the binding of '■^'l-VEGF,,, to the /'Z;:- ^/c-/m.. 
chimera -.pressed in transfected NTH.3T3 cells fFig. 3). ^ 

The potentiating effect of heparin appeared to be -ipttciUc. 
since identical concentrations of chondroitm sulfate A or cnnn - 
drnitin sulfate C did not product: any enhancement of '-'I- 
\/EGF„;, binding (Fig. 58. ianc; .5 and 5. respectively). A similar 
concentration of rat liver-deHved heparan sultate produced a 
Z-fold potentiation of ''"'[- 'V^GF,,,, binding to /Z^-//SE.AP. indi- 
cating that, the potentiating effecta was specific tn hepann-hke 
..moieculesrHigh concentrations of heparan sulfatei.lOQ pg/ml 
. nr more) inhibited even thu basal binding of ''i-V^GF,,;^ that is 
.obser/ed in che absence of added heparin ! not ahown). The 
overall sulfation level of hepann seemed to be critical for the 
potentiation of '-M- V-EGF,,,, binding co /7^- //SEAP. ^-Vhen/V/0- 
desuifated hepann lO.l ut^Mil; Local sulfate content. 1%) wa.s 
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tlf. 



,. '-'1 \rFC7 biadine to Che soluble flk-l/ 

■ orL-linLdcmpl.L, -vere dono. described ander -Maccn».. .^^^^^ 
■Methods.- a. m<.duUci..n uC the inhib.cory elTect of hf-GI' "«pn""^ 
^t-VEOF ,.,H0 n«/n.H .va, hound che/U- //SEAP 3™<-«'" ' 
in tK<r.b.:nc« .f hepann .^anc, ^ and..' . or .n the presence ""-^ Mi^™' 
heparin ((an^.. .7 and -i i .-r I yg/ml h.'pann Ur.,u.j and 6 ). I" ^^d "on 
bFGF -0.r> u>5/ml)-.vas add-.-d-to some of the bmd.ng reac-.ipns 

VECF,^ .he/!/:. //SE-^J Cus.on protein, and chu.^.ual.^at.nn or=n.s.- 
linked tumplexes were dune a. dcscr.bcd ander '•Matcnais and Mech- 

uda." _ ' 



added miitead of Kepi^nn. no enhaacement of " l-VEOF,,, bmd- 
... could be observed (Fig. 5, ian. D./^.n O-oversu a^^ 
hepnnn.was used 15 ng/mU^otal sulfate content, Lb^.Ha l). .he - 
"enhancement of '•^■[-VEGF,,, bmdin,' appeared to be mnre po- 
tent than the enhancement achieved wvth native hepann and . 
wa. ma..imal at 5 n^ml of oyersulfated hepann (cocnpare -^ i-. 
5 Lan.s 3 and 4 k A higher concentration of 0-over3u!fatea 
hepann (0.1 ue/'m!) compietoly inhibited the binding of 
V-EGF Lo flk-I/SZ.^S. whereas aatrve hepann caused a simi- 
lar vnhTbition of b, ndmg only when 100 ng/ml were .nciudea .n" 
the binding reaction inot showni. " ..,,-.p 

r;z6 .Spet::/-Ic:/v a/" ^^^^ [nt^racdnn of the Sf^tahU- ;lh - ! f ^ 
ujUKVEOF,,,-^^o examine the .pecinc:ty of the .ateraction 
between -n-V^GF.,, and the soluble flk-VSc..^ receptor, 
binding and cro^s-linking espen.ment.s were conducted m the 
presence of O.i pg/m! hepann and .anous other substances. 
The binding or-'-^H-V£GF.., to the soluble /Z^- i/SE.^P recep^tnr - 
was completely mhib.ted by 0.5 pg/ml of unlabeled VXCr 
{Fi? 6A. /.aa.*2) and by suramin iFig. 6A. :.:ne 7). a .<r.uwn 
Inhibitor of anr^ogenesis. (32) that inhibit, the bindm^^^or 
■ V/EG.F.., to its receptors on vascular endothehal cells i ^2 J. c ae 
binding of '-^n-V-EGF.., was not inhibited by 0.5 ug/ml of PDGF 
or by 0:5 ug/ml EOF (Fig. SA. fa/ie.s- 5 and a). Ln cnatrast, ar Ob 
(0.5 ag/ml) (Fig.- 6^\. ia/L*i 3 ) and bFGF (0.5 ^g/ml) ( r ig. oA. /-an. 
4 and Fi.g. 65. iaa. 4 ) inhibited the binding, Because che^e two 
factors? bind heoann wich high affinity, we reasoned that they 
could perhaps hi ad, free hepann du-nng the binding reaction 
iSH i and therefore make hepann unavailable to '-'t-VEGr 
renultint,' in a partial inhibition of ''^'L-V^GF,,, binding. Tms 
assumption was ^upoorted by an expenment m wmcn tne umu-^ 
ing to the/'^.i^-//SEAP fusion protein was done.n the P^^^^J^^^ °' 
• increa.sing concentrations of hepann and 0.5 vig/ml- oFGi- ( t tg. 
SB). The nihibitor/ effect of bFGF was abolished wnen the 
binding of '-n-VEGF,«, to flk- //SEAP was dune m the presence 
. or I "^^'-mi h.par^n (Fig. 63, Can. S). This e^cpenment mai.ates 
that a potent '-rowth factor like bFGF may. under appro.pn.ace 
conditions, sen^e m the role of u :^TOwth inhibitor as;ng a 
mechanism .nvolvi^^' competition for shared cell surrace moau- 
" lacnrs nf receptor binding such as hepann-like molecule:.. 



D1SCUS3I0N 

The flk-i jjone encodes a t^/rnsine kinase recepcor and. was 
isolated from a cDNA library prepared from" n-inune ret;il liver- 
denved ceils enriched with primitive hetnatopnletic item cells 
(20. 21. 341- The expresaitm of the full-length [Ik-! cDNA in 
ceils, or the expression of a cDNA encoding Lvchimenc receptor 
containing the extracellular domain of [Ik- 1 fused to Che trans- 
memhrane and intracellular domains of the CSF-l receptcr 
Ic-fm^}, results in the expression of high affrmicy binding sites 
for '■'^^l-VECF,,,,. The affinity of -VEGF *^r. for these rGcaptar3 
was similar to the alfinity of '^^l.OF^^^,^ to V^GF receptors of 
vascular endothelial cells. Because the chimeric receptor was 
expressed at higher levels in transfected cells, and because- we 
could show VEGF,,;, -induced auLophosphor/iation uf the chi- 
menc receptors, we have used cells expressing the chimenc 
receptor for further studies. 

The binding of '-'r-V-ECF„y.. to the endogenous VEGF recep- 
tors of vascular endothelial cells and to the small number of 
endogenous V1^:GF receptors found in NTH-3T3 cells is poten- 
tiated bv the addicion of I ug/ml_ hepann (15). UneApectedly, 
both the V-EGF,„f.-inducad autophosphor/lafcion of the chimenc 
flk-l/cims receptors e.^cpresoed in the NTH-3T3 clone C4 ceils 
and the binding of '-'t-VEGF„, tu these receptors were inhib. 
ited by heparin concentrations equal or larger than 1 pg/mi. 
whereas tower heparin concentrations had nc eiTect.Jt follows 
that heaann can potentiate the binding of '-'T-^/EGF,65 to one 
class of VEGF receptors and inhibit the binding of '-M-VUGF,,^ 
to another class of VEGF receptors simultaneously. These ex- 
" penmencs indicate therefore that the efTect that heparin will 
■.have on the binding of '-'[-V-EGF,^, to specific VEGF- receptors 
depends not only on the heparin binding ability of the growi:h 
Tactor buc to some extenc also on specific charactenstics asso- 
' ciated with specific V^GF niceptor types. 

It was recsntl.v reported that the ligand binding ability or 
fibroblast growth factor receptor- i is regulated by the direct 
binding of heparin Lo the receptor ( 35 J.' The effect of hepann on 
• '-n.V^GF,^, binding couid also be in part the result 01 a direct 
interaction between heparin and a subset of VEGF receptors. . 
AJternativety, it is possible that hepann modulates the binding 
of V-£GF,«, to its receptors indirectly through specific cell sur- 
face hepann-binding proteins, it was reported that vascular 
endothelial cells express . cell surface hepann receptors. (3S). 
and it was shown that cell surface-bound hepann can potenti- 
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ate the binding of '-^l-VECF,^, to the ^/EGF receptors of vas- 
cular endothelial cells (151. Taken together, the expenrnej^ts 
su'^'^est chat the etTect of heparin oci the interaction ofV-EGr 
with celt suriaco VEGF receptors is a complex process that 
needs to be sLudied using an expenmental setup that will allow 
precise control of the binding environment. ■ 

We have taken a step toward the establishment o( such an 
expenmental setup by producing a soluble '^-'^-inneric V^GF re- 
ceocor containing the entire extracellular domain ojfi^^l ^^^^^^ 
co' soluble alkaline phosphatase Vl5). This' /Z^- / / SEAP fusion 
protein turned out to be a specific inhibitor ot VEGF,^-mducea 
cell proliferation. This soluble receptor could perhaps oe usaa 
in the future as an ui uiuo VEGF,,, antagonist. The availabii- 
of the ru::icn '^rctein a!!owf?ri w.q r.n t:onduct hindine expen- 
inents'in a'^oreciJeW reg^alated cell free environment. The flk- 
//S£.\P-soluble receptor did not bind '-^n-VEGF,,, efficiently 
in the absence of hepann. but, addition of low hepann concsn- 
crations (as Low as 5 ag/mf) to the binding reaction strongly 
ootentiated the binding of ''^'l- V-EGF,^, to rlk-l/SE^. Tne et- 
ffct of hepann on '"H-V^IG F binding could not be mimiciced 
• by'chondroLun sulfate; but heparan sulfate had a similar ef- 
fect. The .sulfatioa level of the heparin was important for the 
po^centiating -ffect. since desuifated hepann had no activity. 
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whereas ovi^rsuifaced hepann pocenciaced the binding ai ' I- 
VEGFi^ cnore enicientiy than heparin. These expenmencs, 
done in a controlled csll free envirorunent, indicace that hepa- 
rin can direcdv modulace the binding of ^"-^I-VSGF.aa ^ fJ-^'^^ 
SE^J' and that the modulation m this case is probably medi- 
ated e:cclusiveiy through the interaction of heparin with '-^X- 
V^.GF,„. sines /ZA-i /3E.\P does aot appear co bind to hepanxi- 

Sepharoae. .... r i^bt 

In the presence of I Pe^mi heparin, the binding of I- 
^/EGFjss bo the fl^-l/c^i'ms receptors on tranaiected ^^[H-3T3 
ceils ia inhibited, whereas the same concentration of heparin 
potentiates the binding of ^"^l^V^GF to the solubie flk-U 
SZAP receptor. Since cell surfaces already contain hepann-like 
molecules, it followa that the effect of exogenous hepana on the 
binding of '^-"l-V^OF,^ to a. cell surface located VEGF receptor 
will be superimposed upon the etTectLof pre-existing cell surface. 
. .aasoelated- heparin-like molecules. In addition, putative hepa- 
rin binding cell surface receptors may also modulate the hijid- 
ing. resulting m complex.final effects which are avoided by the. 
usage of the soluble flk-U SEAP receptors. 

The bmding of ,^==I-VEGF to ^e /lA- T/SEAP-soli^ie recep-;. 
tor could not be inhibited by the growth fac-ors PDG^ and iGF 
(6-3). In contrast, high concentrations of bFGF and aFGF in- 
hibited the binding of /"-^t-VEGF,« to the solubie ;^^-Z/SSAP 
aision orotein. We found that these growth factors lost cheir 
ability to inhibit the binding of ^"^l-^-EGF.^, to the solubie flk^ 
i/SSAP fuaion protein when the binding experimenta were con- 
ducted in. the- presence of high concentrations of heparin. It 
therefore follows that competition for available cell- surface 
hepann-like molecules could perhaps function as an indirect 
'cross-talk mechanism by Wriich a growth factor such as bFGF 
may modulate the actr/ity of another heparin binding growth 



IS, 
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factor such as VEGFis^. i, '^3 

To conclude, our" results indicate that hepann affects the 
interaction of VEGF,^ with various VEGF receptors by more 2S. 
• than one mechanism. We have also shown that hepann can 
modulate the Interaction of VEGF,,, with the V-EGF binding 2a. 
-domain of th^' ftk^l receptor, even when the binding is done m 
an environment that contains .only /Z^-i/SEA? receptors. 
VEGF, and- hepann. Tne reaults of this study indicate that 
VEGF may play an important role in the maturation process-of 
hematopoietic cells, since the ^-^-l cDNA was originally isor 
lated from a. cell population enriched with primitive hemato- 
poietic stem cells (20). 
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Analysis, of deLerions of ^aven [gO-like domains in the 
esiraceiLiiiar domain of rCDR 



£C*o in 



Blocking 
lVIAKDS 



KDB. l-T.[?0 


51 1 -Li) 


2.11 


l.jl 


0.45 


KDR L-5-[gO 


143 i =24) 


2.13 * 


LOS - 


0.41 




57(ri2) 


1.74- 


0.95 


0.44 


KDR 1-3 -CgO 




L.36 


1.12 


0.51 


KDR l-"2-IgO 


> 100.000 


. 2.04 


L02 


Q.ao 


KDR •i-C-E^ - 


100 




ND*- 


0.50 


KDRi— " cQQaaraer 


4990 ( - 700) 


1.39 


1.59 


0.64 


KDRl-3 monooier 


3350 ( -1000) 


L31 


0.38 


0.53 



rvEGr VariantI nM 
Flc 2 Panel A. incer-subunic and Lncra-aubuiu: cnodeU for binding ' 
cwo Molecules of ECDR recepcor co dimenc '^Gr.^- T/Jo°fC 
disulfide bonds in V^GF are ^dicated. Pa..^ .^'iiflf lono- 
cinvlaied VEG7,..a9 Erom blading i:o cnoaomenc KDR 
cTekc form of VT:GF,.,Qe coacainia? the double mucaac ColR/CSOR, a 

sUas or a single sice at one pole oi the aonnone (hV-U ana una 

^idU/pe^G^ J-ich tC^ value. »500. 10. 3.9 axid 4^. aM 
^specuvely. Dtlut o^^a of ^lese ^/EGF variance were aaded '^ch a.xed 
amoves arotodaylated VEGF ( 1 a«) co KDR (0^5 aM)and .ocuo^ad for 
13 h- The complex was captured wich a ccu^-b M KDR (MA^-'J) as 
described under "Ejqjerimencai Procedures.' 

The [gO'Uke Domains 2-J KDR Ar? Sa/fic:enr ror ff.VA 
A/^^Uy Smd:-a^-TQ determine .the cnmimai t^G-Uke domain 
requirements for binding of KDR to V^GF,.,,g. a 3«nes of 
■ deletions were produced in which each of the seven EgG-lika 
domains were deieced from the carboxyl terminus oi the extra- 
cellular domain. The delecion variancs were expressed imaaily 
as dimeric proteins by fusion to che CK2.CH3 dornain of an 
antibodv (KDR-tgG). This was dona co facilitate punncauon on 
a Procem- A arfimcy column (1-2) and to compare cheir aruniaes 
to monomeric forms of KDR. 

The choice of deletion junction was based on homology/ to 
other members of the IgG supen-amiiy (16, 17): Syscemacic 
• carboxvl-termmal domain deletions had nrriually ^^^ect on 
J. xnrn.rr .,«^;) TrrQ-Kke doT^-T-^" ^ '-vas deleted (Taole U; 
mR had"In amn'irrthat was > 1000-fold reduced reiacive 
to KDR 1-3 but did show specific bindin? at: concsncraoons 
above (daca not shown). A vananc of KDR missing the arst 
KH..cerminal domain. KDR 2-3, bound nearly as well as- che 
fuU'len-th KDR (Table 0. These data suggest rhat aomains Z--. 
are mosc Importanc for 'nigh affinity binding. ^ . 

To determine if these deletions had causea -miafolning ox che 
molecules, we analyzed their binding to three .^^^^^^^ 
KDR monoclonal antibodies (Table E). one of wnacn (iVL^J0D6) 



" The Qinauig anuiiLv qi :xui\ vajniiULii '^^^^ \~ko9 ~izr^ 7 
using a comoecLtive radioimmunoaaaay and ^-^T-^GFi.^ga (NciN Uiie 
Science Produces Lnc, DuPontl as a iracer except that _che axfimc:/ for 
KDR 2-3-CgO was measured using biocmytaceu vEGr as tracer as 
described under "Sjcperi mental Procedures.' 

* t^, not detectable. 

blocks binding of ^^GF. The antibodies bound to-neariy alUhe ■ 
deletion variancs ^vich afnnities virtually identical co che full- 
length KDR 1-T (ECsq - I fiM). Deletion of domain 1 caused ■. 
complete disruption for binding of the a an -neutralizing anti- 
bodies fJ/LAKD 1 and^L^^KD5) but not che neutralizing antibody 
(UAKD6). Thus, che deletions do not grossly disrupt che-struc- . 
" cure of the molecules and locate the epitopes for ML^KDl and 
LVOVEa35 to domain I and for ^LUCD6 to domain 2. The fact that 
che antibody LVL\iCD6, which blocks binding of VEGF. binds ^to 
domain 2 further supports the importance- of domain 2 for 

binding VTGF.. ' ' cirr^o r 

To facilitate prsbaration of monomeric forms of KDR, a-L-en- 
enase 1 protease cleavage sice (13) was engineered at the junc- 

■ tion ot the last KDR IgG domain and the CH2- domain (19). The ■ 
cleaved ECDR wks shown' to be monomeric based on its mobility 
in nonreducing SDS-PAGE and gel nitration. Both the KDR 
1-7 and KDR 1-3 monomers bound all tb^ee ou^-bs and equally 

■well to V-EGF (Table 1). These results show the nrst three 
' IgG-Uke domains are sufiicienc for bmding.of VIEGF whether in 
monomeric or dimeric forms. 

One y^GF Dimer Bin,ds Two L^foUcuies of che ExtracsLltiLar 
DomaLn o/'iCDi?— To determine the stoichidmetry of binding of 
V-EGFl ,09 to che extracellular domain of KDR, we systemati- 
cally varied the ratio of V^GF to KDR and determined the 
app'arent size of the complexes by gel nitration. The glycosy- 

■ lated monomeric KDR 1-T migrated as a single peak -by gel^ 
aitracion chromatography with an apparent molecular mass or 
-250 kDa CFig. 3A). By compa-rison, the dimeric- KDR 1-7-I.gG 
migrated as a 500-kDa peak (data not shown). Qpon addition of 
one eauivalent of V^GF (dimer) per two equivalents ot KDR 
(monomer), a single complex peaic was formed of apparent 
molecular mass -400- '^a. A minor shoulder was .seen chat 
might represent che slight excess KDR monomer m the muc- 
ture. The fact that che 2:1 complex is smaller by gel nltranon- 
than exnected ^rom the sum of che component molecular 
masses (520 kDa) may be that VXGF aUgns che receptor sub- 
'jnits in a more comnact fashion. 

Further additions of 2 and 3 equivalents of VEGF did not 
change che position of the high molecuiar weight peiik, ixui 
excess .VEGF accumulated as the free dimeric hormone (Fig. 
ZAh The height of the free VEGF peak was small because 
VEGF contains no tryptophan residues and therefore has a 
small' molar absorbance at 230 nm. When the ratio of KDR to 
■ VEGF exceeded 2:1. cree KDR L-T accumulated as a siioulder. 
The.hV-i heterodimeric variant of VEGF forms a 1:1 complex 
with monomeric KDR. This complex migrated at a position that 
was intermediate between the free KDR 1-7 and the 2:1 
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2:1 camplex 
r *KDRl-7 




1- : Q 



KDRV7 : VSGF-hV-l 




P.C. 3. ..^i A. .1 ruc..0» --a.^a.K. ^^^^^^^^ e^c^^c 
at ratios of 3:1 and 4:i. where KDR 1-3 .tnaaacner was l.o and - ,uM. respec.vely. 



KDR-V^GF comolex. When the ratio of the hV-l to KDR l-T 
'axceeded imity, the eree hecerodimer accumulated in tna 
chromacogram. • • 

Parallel experimeats were carried out^with the ^^^^^^^ 
forra of KX>R I-LJ U'lg. 3^)- vv"nen no vi^Gr wd5 p. =56..!:, /w.. 
1-3 nnigraced as a single peak of apparsn: molecular mass oi 
--70 'KJDa Mdicion of 1 equivaient of V-SGF dimer co 2 equiv- 
alenc of KDR 1-3. resulted m forming a peak wich apparenc 
cnolecular mass of ^ 160 '^a. Poidiaon of 2 and 3 equivalem^af- 
VEGF did aot change the position of the complex peak, buc tree 
V^GF accumuiaced. Increasing additions of KDR 1-3-in a:ccess 
of riie 2:1 ratio to VEG? dimer showed mcreasing appearance 
of ere- KDR L-3. .\ sicnilar set of experiments --^ith the aV-i 
showed It maximally formed a 1:1 complex (Fig. when the 



rado of eicher the variant or KDR L-3 was skewed from umty. 
the free excess comoonent accumulated. These axpenmenc^ 
e^T3licitlv show that f^^o molecules of KDR bind to one VEGr 
dimer. and that form of KDR lacking IgG-like domains 4-7 are 

Waen '/^GF 

i^^ engineered to have only one functional binding site'ChV-I) It 
cannot dimeri-e the receptor in. uirro. 

■ VSCF 3inds Avidly to Dimenc oersus Monomeric Forms 
"KDi?— Given the fact that the ^/EGF dimer bmds two. mole- 
cules of receptor we wished to determine to what axient pre- 
dimeriiacion of the receptor iniluenced affinity. This can- be 
readily seen bv coraoarLng the binding constants for the mono- 
menc and dimeric forms of KDR (Table 1). KDR-lgG fusiocis 
containing domains 1-7 or 1-3 bound oO-lOO-fold stranger. 
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F.G 4. ^rZG7 cantaming u^o sites binds much st^on^er to 
predimeri^ed fo^ of KDR. D.splac.maac or -t-VEG.^... cx.m 
Th** rlimeric KDR -CgG ia shown tor wua-cype ^^ELrr i.^s*. ^ ^';;^f ^-^a*' 

single binding site lhV-U..and moaomer-.c VKGr i.,„.. golB/CaOil. me 
values torn Her. and Fij. 2S are summonsed m Taole a. 





M-onomer 


Oicner 


LVtanomer-' 


-20 AiM 




•3in?ie-5ite .hecerodimer . 


10 L-ut 


T [IM 






50 pM 


^^ld-:ype dimer* 


5 tlM 



than their monomeric counterparts. The affinity at =i}fj"^f'^ 
sue heterodim.r,c VEGF for biading to the ainienc lODR Is<^ 
fusion v^as about 200-fold weaker than mla-f/pe VT;GF (?ig. 
4)/In contrast, binding to, rnonomeric roR ior^e hecero^^^^^^^ 

was only, i-fold weaker than native VEGF (F'.g. 2S) Tnese 
data summarized in Table U, show Lhat binaing ot dunanc • 
VEGF CO oredimenzed KDR is -LOO-fold stronger than «rhen 
either the hormone or receptor contiins a single binding site^ . 
■ VEGF Binds Virtually Che Same Way to Moiomenc and 
Dimer.a SDfl-Given the strong avidity oomponeat to^o.nding 
of VEGF to its receptor, we wished to determine if VEGr omds 
Che same- way to monomeric and dimeric rornis of^^« -T^We 
Kave orevioosiv reported the alanine scan of VEGF for binding 
to.KDR-tgG-OV Here we analyze the binning ot these same 
alanine mutants to monomenc KDR (Tablejm. Tne data show 
that the same set of alanine mutants that are most disruptive 
for binding ra-KDR-tgG are also strocigly disruptive to binding 

monomeric- KDR. ' . 

There are some subtle and systematic differences in the way 
the alanine mutants bind the monomeric uersas oimenc .JJit- 
For examole M13A.-I43A.I46A. ES4A. and IS3A were more 
disniptive to affinity (by factors ranr>ng from 2-c-tola) wnen 
tested against the monomenc uersus dimenc KDR. Ordy FU\ , 
was more disruntive to the dLmer than the monomer Cby_-2- 
fold). The biased suppression of the disruptive effects ot the 
alanine mutations when binding to the dimer is likely caused 
from aviditv in binding. We conclude there are gross differ- 
ences in the way monomeric and dimeric forms ot tCDR oind to 

mR Domains 1-3 Are Su/ncien: for SignaUng in. C^iti— 
NflH 3T3 abroblast cells that contain the e.-ciraceUular domain 
of colonv-scimulating factor receptor fused to the transmem-- 
brane and intracellular domain of the FU-4 receptor mcorpo- 
race pHl thymidine and prolife.-ate when treated wich the co ■ 
ony-stimulating factor (20). To produce a VEGF responsive cell 
Une; we made- a similar chimera in which the seven Igu-Uke 
domains of KDR were linked to the transmembrane and^mira^ 
cellular kinase domain of Flt-4. .'^t low concencr-^tiuui u. - 
this call Une incorporated PHlthymidine witn an ECjo of - 100 
PM (Fig OA); high concentracions of VEGF (->l ^> snowed- 
inhibition. Such a hell-shaped dose-response cur-/e is ancic- 
pated for a two-=ite hormone dimeniing two identical receptors 
(■71) The hV-L was inactive (Fig- 5A). 

" A'similar construct was produced in which only domains 1-3 
- of KDR were linked to F\t-4. These cells also incorporated 
pHlthvmidine in response to VEGF (Fig. 5S). but didso with a 
highe'ECso ' -10 '"^"S"' tna-ximal response. We did not 



Data trom r igs, i-3 ana uaca lur cae aiuiiuiuGiiu y x^^ja- uiiiLiiiAg 
moQomenc SGDR was £roni acher arpsrimeacs aac ahown. 
* Data □ram Table [. • 

T.\BL£ [II 

Ths camaarison of zKe ^.ff^c: alanine mutants of VEGF ,_,o9 binding 
to KDR l~T-(gG or KDRl'T monomer 
The relacivft binding afnnitv was expressed as the fold difference ot 
aianine mucancs ^\th V^GF^.^os ^« cornpecitive binding assay as 
descnfaed onder "Expenmencai Procedures.' Standara aeviacions m 
these meaauremencs averaged =25% of S^e -/aiue ahowti. Rasidues are , 
shown in fr^a groups (e.-.' FlTA or to indicate ^at chey are 
presented in che same epitoge but from di5erSnt auhunits. Each mutant 
is aresent cvrice in :he. dimer. " 



VEGF 
iVllSA 

I43A' 

U6A* 
Q79A' 
ia2A' 



KDR-tgO dirner 


KDB. moaomer 


I 


I 


230 


91 ' 


U' 


93 


120 


^^60 


25 


120 


140 


170 


' 400 


1000 


IQO 




360 ' 


a 10. 



go to 'ai^h anaugh caacencrations to see inhibition by VEGF. 
The h V- 1 was virtuailv inacci-ve. Primar;/ human orribiUcal veia 
endotheliai. cells CHaVEC) showed a bell-shaped dose-response 
cur/p (Fig. 50. We resist making quantitative compansons 
between HuV^C and KDR expressed ^^H 3T3 calls given che 
fact that the KuV^C contain both CTR and FU-L receptors 
(22}. 

The difference in EC^q values and maximal response for the 
KDR L-T and KDR L-3 cell lines likely resulted from che fact 
chat the number of functional recsp-tors on the KDR l-3^cell 
line was at least lO-fold lower based upon binding of " I-VEGF 
(data aot shown). To explore the effect of receptor number on , 
si^aiing directly we isolated 'three ditTerent clones of cells that 
varied over a range of 12-fold in the amount of the KDR 1-T 
chat specificaiiy bound ^^-^I-VEGF (Fig. SA). The ma.^mal-lev^ 
els of [^Kl thymidine incorporation correlated with the number 
of receptors expressed on these cells and the SCso values cor- 
related inversely with the number of receptors (Fig. 65). Lt is 
interesting that the basal levels of HI thymidine incorporation 
correlated '^th the receptor number as well, suggesting that 
receotors can araassociate and signal weakly m the absence 
exog-nous VZGF. Ml of the transfectants containing the rU^tC ■ 
■ L-3 construct e:cpressed much lower levels of receptors whicn 
may suggest that, domains 4-7 are unportant [or hign level 
expression and display of the receptor. 

A^*^. VEOy F.ece''>cor^ by ^-^f"- ^inglfi-sits Hat- 

zrodir^Tr of V'KgV— Given the ability of hV-l to bind but aot 
dimeri=e and activate KDR (Fig.. 5). we studied its ability to 
antagonize signaiing of KDR- Indeed the heterodimer antago- 
'nizes l^Klth\rmidine incorporation in the 3T3 ceils cransiectea 
with the chimeric KDR (l-7)-Flt-t receptor and HuV^C with 
an rCso of -300 and -20 nM, respecrively (Fig. 7). The fact that 
the heterodimer is less effective on the 3T3-tTansfected cells 
uersas HuVBC likely reflects the fact that the former expresses 
much higher levels of receptors (Fig. tLAi. 
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FtC. 5. The agoaistic effects .^^F 
sis of 3TU cells stably e.xpressiag KDR 1-' ^^^^^^^^t, ^]^r - 
TpaneL A). KDR U3 tECD)/FU-; (ICD (P-nei 3) or HuV^C 
O. CaiU were treated for 13 h with axzheT VZC? [open 
SQuarcs) or the ^rEGF hecerodixner -vuh sing e bmdiag 3ite h^-L 
?Sc.ea c^.ie5). Cells weU pulsed .v.ch PHlrhrmicme Cor 6- a and ana- 
lyzed aa described under -Experimentai Procedures. 

DLSCUSSIOC^ 

KDR Bin^ds Across the VEGF Dimer Inzerface—Tb.^ data here 
combined with brevious mutationai analysis (9) suggest chat 
binding occurs across the VEGF dimer interface (Fig. 2.4) Lt 
may be a general feature of the cystine-'^noc hormones :hat the 
receator binds at the interface bet'A.een hormone subuni^^A 
scructure of domain 2 of che F\M receptor bound to VEGF 
shows it binds across the dimer mterface (23). A hecerodimer 
containing one molecule of VEGF linked its homolog, : Lb-F. 
is only 20-50-fQid reduced as a mitogen on HuVEC cells (iCso 
" 50 aM) whereas the PLGF homodimers are inactive (24). The 
fact the VEGF/PLGF heterodimer shows any activity can oe 
^^H^^Mi^sd rrorr. our muca^ona! annlysis fTable tID. Some ot 
tKeTrihcal binding determinants (Phe-iT, Glu-64. Gln-79. and 
ne-33) are coaser/ed in PLGF and others are reasonaoiy con- 
' aervafcive substitutions (MlSQ. H3V. Y45H and l46M)..These 
iater subsritutions would likely have a much more aramanc 
effect when oresent in boch subunits, thus accounting tor the 
absence of significant mitogenic activity for the PLGi- ho- 
modimer up So the concentrations that were teatea (-1 a^vij. 
Similar obser/acions have been made for homodimers-and net- 
P-odimers ofPDGF (isoforms .^-V and 2B1 for binding che 




,0-2 10^ 

. [VEGF variantl nM 

FtC. S. 3T3 cells stably expressing varying amounca of KDR 1-T 
(ECD)/FU-4 (ICD) receptor- reapoad to VEGF^.^o, with different 

■ values of EC^o and maocimal response. Bcn,&L A, three jii5|ererit3T3 
ceil clonea exiareasing varying amounts of the KDR (ECD)/Flt-V 
(ICD) were Isolated and ranked according •■xi the amounc of tuncuunal 
binding sices for VEGF as determined by speciac hinam? oi - I- 
VECF, laa- T^^B number of 3T3 cells from translected clones I, 
and 3 or HuVEC werealaced on the 24-weU plate. The * ^VEGrl,^«^ 
(0 i ruvi) was added with {oaen bar) or -vichout iniUd bar) a 200-told 
malar excess of caid VEGF,.,sa 2 h and cells were washed and 
counted. ?a.mL 3. chese sanae cell lines were createa with increasing 
concentrations of VEGF,.,a9 and f'Hl thymidine incorporation w^^ 
measured. The three clones of 3T3 ceils expressing cCDR l-(/FU-4. ^^E0 
transfecied control ceUs. and HuVEC were fasted- and treated with 
serial dilutions of VEGF^.^os ^3 Cells wer- pulsed with [ Hlthy- 
midine tor 6 h before harvesting as descnbed ander -'E^cpenmenLai 
Procedures.'* 

PDGF-a and '-Jj receptors (25). Mutational analysis of aerve^ 
growxh factor, another member of -the cystine-knot family of 
dimenc hormones, shows a broad patcA of residues involved m 
binding recepcor that spans che interface ber^een subunits 

■ (26), ^. . . 

Reauiremencs and Consequences for Recspcor DimerizaiLon^ 
Hormone-induced receptor dimen=atipn is a general mecna-- 
nism for activacion of t:/rosine 'kinase receptors, (-2.1). Ail recep- 
tors chat bind cystine-'inot hormone dimers are presumed to be 
activated bv recepcor dimerisation (6). Here, gel filtration sx- 
penmencs orovide in uitrn evidence that VEGF binds r^o mol- 
ecules of the estr^Lceilular domain of KDR. The dimeri::ed com- 
plex appears to be ven^ stable since excess VEGF is unable to 
dissociate the comolex to 1:1 complex. This dimenzation reac- 
tion is trritical for aignaUng because the- VEGF heterodimer. 
hV-1, with only one functional sice is in active^in^ cell -based 
assays and antagonizes the action of wild- type VEGF. Receptor 
dimerization is also supported by the obser/ation thac cell- 
based assays- show a bell-shaped dose-response cur/e with re- 
spect to VEGF. FDGF isoforms have been shown to induce 
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(VEGr variant} nM 

Fic 7 The antagocustic effects of- VEGF single site Hec- 
erodimer (hV-l) on DNA ayathesis of 3T3 caUs stably expressing 
KDR L-T (ECD)/FU^ (ICD) (Panei Al or HuVEC (J=a/ie/ 3). Celis 
•were 'Liicubaced «rich either Q.i oM V^OT^.^o^ (for 3T3 cells) or 1 nM " 
.VEGFg.Los (HuVEC) to induce 90% tnaximai ihcorporatioci oii Hlthy- 
■ tnidine together with increasing concaxicraciona of the hV-L • 

dimehzafcion of the extracellulcLr domains of the PDGF-a and.-.S 
receptors in vitro (23 J. Binding of the dimeric hormone, SCF, to 
the- extracellular domain of.che Kit receptor, a tyrosine kinase 
recapcor of the class, causes dimeruatioti in vitro (29-31);' 
and induces a belhshaped dose-response curve in uico (30). 

■Predimehzed forms of KDR bind VEGF LOO-fold more tightly 
than monomenc forms of KDR showing a strong a^/idity com- ■ 
poneat in binding. Dimeric receptor fusion proteins, such as 
IgG fusions, or receptors bound to monoclonal antibodies are 
often used.as convenieat assay reagents for hormones and their - 
variants. The data preaenced here show that there is a signif- 
'icant avidity componenc to binding in chase fusions that affects 

' Che affinity constants. The avidiry effect obserr^ed here is not 
the result of an alternate way that -VEGF binds the dimeric 
KDR because alanine mutations in VEGF ihat are most dis- 
ruptive to binding monomer.c KDR are also the ones that most 
affect binding to dimeric KDR (Table 111). 

We obser/ed that wild-type V^GF^.iq^, binds about 100-fold 
more cightty than the single-aite hecerodimer .to cells er.press- 
ing KDR 1-T tnoc shown). This suggests chat receptors on cells 
may be loosely associacad, iVtoraover, MIK 3T3 cells expressing 
larger numbers of-V*EGF receptors showed a higher-basai level 

. of PKI thymidine incorporation in the absence of VSGF (Fig. 
S3), suggesting thac receptors on cells have an incrinsic abiiicy 
to dimerize in the absence of Ugand. Similar a bser-/ anions 'nave 
been made for cells overexpressing various tyrasine kinase 
receptors, such as variants, of the EGF recspcor (27). Overex- 
pression of the PDGF receptors can induce receptor autophoa- 
phor/lation in the absence of ligand, and it is even possible to 
cross-link small amounts of the extracellular domains m the 
absence of PDGF (23). The. fact we did not see ^^'-ridence Jor 
dimerisation by gel filtration of the ecodomains of KDR 1-7 or 
1-3 in che absence of \rEGF may only reileci che aensitivity of 



the method and that the receptors have a much higher sffective 
concentration on calls than in our solution experiments 

Deletion experiments showed that domains 2-3 of KDR are 
sufficieni: and necessary for high ainnity binding of V*EGF 
(Table 0. Cells, can signal when cransfectad with KDR domain 
1-3 Linked to FIt-4, even with low recepcor expression, suggest- 
ing chat domains 4-7 axe not essential for signaiing. We cannot 
rule out other roles for these domains; they may stabilize the 
signal transduction complex and/or provide for better display 
and expression of the recepnor. Systematic deletion experi- 
ments have bean conducted on at least four other t>Tosine 
kinase receptors of the EgG class, and generally show chat 
binding is dominated by IgG-Uke domains 2— j. Deletion axper- 
iments showed the drst three of the nve IgO-like domains in 
the Kit receptor are required for binding of 3CF, but there is 
uncertainty regarding the role of domain 4 in signaling (30, 31). 
An antibody directed toward domain 4 blocked' signaiing in 
cells cransfectad with Kit, and deletion of domain 4 blocked 
signaiing but not stem ceil factor ' binding (30). In contrast, 
biophysical experiments (31) showed that 'Kit 1-3 can dimerize 
in solution with scam cell factor and both the enthalpy and free 
energy of binding w^re indistingi-iishable from Kit 1—5. In ei- 
ther case, both groups agree cha-c the ligand-binding site for 
stem cell factor is contained in the nrsc three IgG- like domains. 

Deletion analysis of PDGF -a receptor, which contains five 
IgC-like domains, has shown that domains 2-3 are sufGcient" 
. for binding PDGF isoforms although the presence of domain 1 
has a small differential effect on bmding PDGF-AA uersas 
PDGF-BE (32). Deletion analysis of che nbrobiast growth factor 
receptor, which contains three. IgG-lika domains, showed that 
domains 2-3 are sufficient for high afSnitv binding of nbrobiast 
growth factor (33). Deletion experiments in Flt-1, which like 
KDR contains seven IgG-like domains, have shown chat the 
VEGF-binding site is located 'among the first three IgG-like 
domains (34-36) and domain 2 of Flt-l alone can bind VEGF 
tightly. (23). Thus, domain 2 may plays a dominant role in all 
five of these tyrosine kinase receptors that have IgG-like do- 
mains and may be general to the other members of this class. 

iVIeckanism- based .\ncagQnsics of ^'ECF — Ar.tagonists co 
VI;GF may be very useful m preventing tumor angiogenesis 
and retinopathy diseases. Here, we. have elucidated the func- 
tional requirements, for receptor binding and activation and 
designed an antagonist, hV-l, for che prQliferacion of HuVEC 
cells based on this knowledge. The fact the ICgo of hV-l for 
inhibiting VEGF in HuVEC (-20 nM) is -LOO-fold higher than 
the ECgo of VSGF sdmuiacing growth (-0.2 njy() likaiy reflects 
the avidity effect described above. We believe the hV-l antag- 
onize VSGF stimularion of HuVEC. by blocking the dimeriza- 
tion of KDR 3ince KDR is more important for signaling mito- 
gensis. However, the hV-1 does bmd F*It-L with near wild-c:/pe 
afnnity and we are currently looking at its ability to activate 
FU-L. Alanine scanning of both receptor-binding sites on VEGF 
suggests that the binding sites for KDR and Flt-l o«eriap aiid 
'are not identical (9.. 23, 37). Based on these results it should 
also be possible to design .^eceptor specific antagonists and 
further elucidate che -functions of che cwo receptors. Overall, 
these studies provide a basis- crom which 've can- produce new 
analogs of VEGF to both probe its biology and generate new 
and potent cherapeutics. 
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referred to* in. the -.Statutory- Declaration 

of Peter Adrian Walton, Rogers ' ' ■ 

made before me 

./ DATED this {^.^ Day of November, 2001 
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EXEiMPL.^Y PORTIO^fS OF HGS EVIDENCE DEVOTED TO 
• EXPEIUMEINTATION TO TRY TO COMPLETE THE VEGF2 INVE^fTION 

Farther expeoiiientatioa suggesied by Dr. Mardck m order to andersiand the VE.GF2 

mvencion or how to make ii work: 

AJMl 3 15 • Computer analysis of sequence for signal 

pep-tide. 

.A.JM1 3.16-19' Expression of protein-ixom DNA 

I -^'iZ ' ■ Overcoming obstacle of realizing that protein 

doesn't" express because signal sequence is 

. ■ missing or faulty. 

3.33 • • Experimentation to express a. biologically active 

• VEGF2 

AJMl 3.34- Expenmentation to obtain VEGF2 

■■ poLynucleocide sequences. ■ ' . ' ' - ' 
.AJMl 4.3-4-13 " Expenmentation to express VEGF2 . . 

not-withstanding "'the fact that the signal 
sequence information was incomiplete" in the _ 
. opposed application. ■ 
■ ' AJMl 4.15-4.16 Confiiming biological activity, suggestion of 

collaboration 

AJMl 4.64-4.68 Expenmentanon to produce firagmeacs 

■ analogues and derivatives, and identification of 

■ such molecules 

AJMl 4.77 Expressionof incomplete sequence . 

\JM1 4 82-4.83 " Production of antibodies and determination of 

: : VEGF2 acdvity 

Furcher expenm.encation.suggestea uy uc. ^oiuuLc ui u.^-^^ — ^ 

invention or how to make it work: 

.AfGl 5.14-5.19" Assaying for angiogenic properties 

AJGt 7 9.-7. 10 Testmg.for in vivo or in vinro activity 

A jQ]^ 7 H Distinguishing between gi*owth factors 

AJG1 7 20 .\ntibody production ; - ' 



AJG\ 7.35. 



Experimentaiion to produce fragments 
analogues and derivatives 



Further expenmentacion suggested by Dr. Kayward m order to understand the VtGF2 
invention or how lo make it work; 

Designing suitable hybridization condidons 
Use of heterologous signal sequence 
■ ■ 5' end cloning 
■ Testing for a biological activity 
Testing VEGF2 in proliferation, angiogenesis 
and wound healing assays ■ . ■ 
Testing of receptor binding 
Activity assays 

Redesigning Example 2 in the application in 
• order co.attem.pt to achieve the, results that were 
reoorted 



.\KH1 3.11-3.L2 
Ami 3.19-3.21,4.20 
Ami 3.25 
.'KNHl.3.27 
\^NH1 3.29 

Ami 3.34. 

Ami 4.4 . 
AKHI 4.26-4.27 



Further e.xpenmentation suggested by Dr. Rapopon m order to understand the VEGF2 
invention or how to make it work: . (essentially entire declaration, devoted to. • 
identifying signal peptide defect in patent application, and then trying to overcom.e it.) 



Further experimentation sug; 



rested by Dr. A.aronson in order to understand the 



VEGF2 invention or how .to make it work: • ■ 

AS Al at 16 - • Engineering a heterologous signal sequence 



Funher expenmentation suggested by Dr. Power m order to understand the VEGF2 
invention or how to make it work: (Entire. Declaration devoted to signal peptide 
exoenments which are not based on the application's teachings.) 
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EXEiMPLARY PORTIONS OF HGS EVIDENCE DEVOTED TO 
CAT.^OGUING PRJEDICTIONS IN THE P^TEf^T APPLICaTION 

Catalosmg by Dr..Mamck of statements, unsupported predictions, and other ansupported 
excerpts of the KGS application: 

■ AJiVil 325, 3.30-3.3 L (Alleged uses of VEGF2 - no supporang data) ■ 
.AJTvf I 3.32 and JSM-4 Table Uessentially a table of contents for applkariouO 
AJMl 4.3 and 4.5-4. IL (overcoming signal sequence issue) . ,^ 
-AJMl 4-18-4,24 (biological properties of VEGF2 and theoretical uses) 
.^JMI 4.30 and -4.39 (hybndization conditions and control thereof \^ 
■ AJMl 4.67 (testing for activity) / . ' 

AJTVIl 4.70 and 4.73 (gene therap)y and treatments) 
AiMl 4.77 (heterologous signal sequence usage) ■ ' 

; AJMl 4.82-4.S 3 (antibody production) . ■ ' - 

AJMl 4.108 (antagonists) 

Cataloging by Dr. Gamble of predictions 'and other unsupported excerpts of the HGS , 

application: . " ■ ■ , • 

AJG I 6.5 prediction of processing)- 

AJGl 6.6 (.expressioti systems) .. .. 

AJGl 6.7 (activity assays) ■ 

MGl 6:3.- 6.8.11 (list like Mattick) 

.AJGl 7.11 ( assays for fragments, etc) 

.AJGl 7.15-7.18 (angiogenic assays) 

AJGi 7.20 (generation of antibodies) 

^JGl 7.24' (prediction of processing) 

AJGl 7.35 (generation of fragm.ents) 

Catalogmg by Dr. Hay^ward of predictions and other unsupponed excerpts of the HGS 
application: , . 



1 



3.6 (activiues.fo VEGFl and/or fragmerits, ecc.) 
.^JSHl 3-1 1 C^ybndization conditions) 

3 J.5 (expectaiion of secretion) ■ ' ■ 

x'^^THl 3-19-3.21 (use of heterologous signal sequence) 
:^j>[Hl'3-.22 (processing) ■ ' . 

' /\jvfKl 3.27-3. 30. (acuvicies and uses of VEGF2> 

ANHl 3.34 &3. 3 5 (binding of receptors) . ' - 

.\KH1 3-37 (uses of fragments and antibodies) • • .. 

AiNHl 4.4 (assays and activities) ; . . 

Cataloging by Dr. Rapoport of predictions and-oLher unsupported excerpcs of the HGS 

application: . - . 

x-^TRl at 11 (prediction of processing) , . ■ ' 

■ x^TRl at 12 ■(heterologous signal sequence) 

A.TR1 at IS (prediction of a secreted growth factor) 

Cataloging by Dr. Aaronson of predictions "and other unsupported excerpts of the HGS 

application: 

AS Al at 5 (prediction of secretion). 
AS A I at 6 (pro teo lyric processing) 
ASAl at 16 (heterologous signal sequence) 
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The present inventioa relates to polynucleotides encoding a 
novel human protein caUed Vascular Endothelial Growth 
Factor'2, or VEGF-2, as. well as mature forms, proproteins, 
and fragments oc'VEGF-2. .Alio provided are vectors, host ' 
cells, and recambinant methods for producing VEGF-2. The 
invcnuoQ further relaies Lo polynucleotides chat hybndizs to 
polynucleotides of the present invention. 
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Expression of VEGF2 mRNA in 
Human Breast i umor Cells 
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Lane 1 . normal breast tissue 
Lane 2 . breast tu-nn or Bssue 
Lane 3-9. breast tumor eel! nnes. 
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POLYNUCLEOTIDES EiNCODtNG 
WASCVl^^R ENDOTHELIAL GROWTH 
FACTOR 2 

Tnis is a Division of appUcauon Scr. No. 03/207,550, 5 
died Mar. 8, 1994, now abandoned. 

This iaveaciOQ rela.tes 10 newly idealised 
poivnucleoddes, polypeptides encoded by 3ucn 
poiynucleotides, the use ot sucb polyauclcotides and 
polypeptides, as well as \hQ producaoQ of such polyaucia- 
QLides and polypepddcs. More particularly, che polypep-tide 
o: the present' Invention is a hunnan vascular cudothelial 
growth ^cactor 2 (VEGF2). Tne mveadoa also relates to 
Sibibiiine the action oc such polypeptide. 

Tnc tbrmation oc new blood vessels, or angiogeaesis, is 
essential cor ticnbr/oaic devdopmenl, subsequent growth, - 
and tissue repair, .i^jigiogenesis is aa essential part of the 
growth ot" human solid cancer, and abnormal angiogenesis 'J5 
associated with other diseases such as rheumatoid ar't.hritis, 
psoriasis, and diabedc retinopathy- (Folkman, J. and 
Baagsbrun, iVL. Science 235:442-447.(1987)). _ ^ 20 

Several factors are involved in angiogenesis. Both acidic 
and basic- ab rob last growth tactor molecules tat are mito-" . 
-gens for endothelial celU and other ceQ types. .Angioiropm 
and ansiogeaia can induce angio genesis, although cheir" 
eancLions a% unclear (FoLknaan. i., L993, Cancer Medicine 25 
pp. L53-L70, Lea and Febiger Press). A highly selective 
miL0gen,L0r, vascular endothelial cells is vascular endothelial 
growth factor or VHGF (Ferrara, tN"., et al., Endocr. Rev. 
13:19-32, (-1992)). Vascular endothelial growth factor is a 
secreted angiogenic mitogen whose target celi specificity 30 
appears to be restricted to vascular endothelial cells. The 
murine VEGF gene has been characterized and its expres- 
sion pattern in embryo genesis has been analyzed. A pei^is- 
leni expression of V'HGF was obser/ed in epithelial cells 
adjacent to fenestrated endothelium, e.g., in choroid ple.vus 35 
and in kidney glomenali. The data was consistent with a role 
of VEGF as a miiiui^uncuonal reg^alator of endothelial cell 
erowth and differentiation. Breier, G. et al. Development, 
U4:52l-532 (1992). 

VEGF can promote angiogenests." VEGF shares •^Q 
scqacnc; homology with human platelet-derived growrh 
facior, PDGFa and'POGFP ( Leung, 0. W., et al.. Science. 
1306-1309. (19S9)). The e:acnt of homology is about 21% 
'and 24% respectively. Eight cysteine residues are conserved 
between all" three members. AJthough they are simiiar. there j-5 
are spccihc diiierences between VEGF and- PDGF. While 
PDGF IS a major growth factor for connective tissue, VEGF 
is highly specinc for endothelial cells. VEGF is also kiiowa 
as vascular permeability factor (VP M) and follicle stellate- 
derived growth factor. U is a heparia-binding dimeric SO 
polypeptide. 

VEGF has four diifereni forms of 121. 165, L39 and 206 
amino acids due to alternative splicing. VEGFL2i and 
VEGFloi are soluble and are capable of promoting 
angiogenesis, whereas VEGFIS9 and VEGF206 are bound 55 
to heparin containing proteoglycans in the cell surface. Tiie 
temporal and spatial expression of VEGF has been corre- 
I -I I .w4 n.-,*,-ii^f-r.',-.i I .it-p 1 ; F» i-'i 1 1 ^2 2 o''" che bicod vessels 

(Gajdusek/ C. iVl., and Carbon, S. L, Cell Physiol., 
139:570-5 79. (1989)); McNeil, P. L., Muthukrishnan, L., 60 
Warder, E., D'.Araore, P, A, I Cell. Biol., 109:811-822, 
(1989)). Its high affinity binding sites are. localized only on 
endothelial cells in tissue sections (Jakeman, L. 3., et al., 
Clin. Invest. 39:244— 253, ( 1989)). Tne factor can be isolated 
from pituitary cells and several cumor cell lines, and has 65 
been implicaicd in some human gliomas (Plate, H. Nature 
35v:345-'i;43, (.1992);. 
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2 

[n teres tin giy, expression oc ^/EGFl2l or V"EGF165 con- 
fers on Chinese hamster ovary cells the ability to form 
tumors in nude mice (Fcrrara, N., et al., J. Clin. Invest. 
91:1.60-170, (1993)). Finally, the inhibidoa of V"£GF func-^ 
dan by ami- V'HGF monoclonal andbodies was ihowa (.0 
inhibit tumor growth in immune -deficient mic3 (Kim, iC J., 
^fanire 362:8'il-S44. (1993)). 

Vascular permeability factor, also known as VEGF, has 
also been found to be responsible for persisieat microvas- 
cular hyperpermeability to piasma proteins even after the 
cessation of -injury, which is a characteristic feature of 
normal wound healing. Tnis suggests that VPF (or VEGF) is 
an imponaat factor in wound healing. Brown, L. F et al., J. 
£:cp. Med., 176:1375-9 (1992). 

U.S. Pat. Mo. 5,073,492, issued Dec. 17, 1991 to Chen ei 
■ aL, discloses a method for synergisdcaUy enhancing endot- 
helial cell growth in ''an appropriate environment which 
comprises adding to the environment, V'EGF, e Sectors and 
serum -derived factor. Mso, vascular endothelial cell growth, 
factor C sub-anic DNA. has been prepared by polymerase 
chain reaction techniques. Tae DKA encodes a protein that 
may exist as either a heterodjmer or homodimer: Tne protein 
is a mammalian vascular endothelial- cell mitogen and, as 
such, is useful for the promotion ot* vascular develop me nt 
and repair, as disclosed in European Patent Application Mo. 
92302750.2, published Sept. 30, 1992. 

In accordance with one aspect of the present invention, ■ 
there is provided a novel mature polypeptide which is a 
V^GF2 as well as fragments, analogs and derivadvcs 
thereof. Tne V"EGF2 of the present invention is- of human 
origin. 

In accordance with another aspect of the present 
invention, there are provided polynucleotides (DMA oc 
RNA) which encode such poh/peptides. In accordance with 
sciJl another aspect of the present invention, there is provided 
a process for producing, such polypeptide by recombinant 
■techniques. 

In accordance with yet a further aspect of the present 
invention, there is provided a process for utilinng such 
polypeptide, or polynucleotide encoding such polypeptide, 
for therapeutic purposes, for e.xample, as a wouad-acaling 
agent, to promote growth of damaged bone and tissue and 
promote endoihelialization as well as for diagnosis oc 
tumors, cancer therapy and"to identify and isolate unknown 
receptors of V'EGF2. 

la accordance with yet another aspect of the present 
invention, there is provided an antibody against the VEGF2 
and a process for producing such antibody. 

[n accordance with yet another aspect of the present 
invention, there are provided aotdgonist/inhibitors 1.0 
VEGF2. which may be used to inhibit the .action of such 
polypepude, for example cc prevent cumur angiogenesis. 

These and other aspects of the present invention should 
be apparent to those skilled in- (he art from the teachings', 
herein. 

BRIEF -DESCRiPTTON OF TOE DRAWINGS 
The fn!lnwini7 drnwing.'; are lUiisirative of embodiment.^ 
of the invention and are not meant 10 limit the scope of the 
invention as encompassed by the claims. 

FIGS. lA, IB, IC and ID (FIG. lA shows the first 
portions of the polynucleotide sequence encoding VEGF2 
and the amino acid sequence for VEGF2, and FIGS. 13, iC 
and ID, respectively continue with the sequential portions of 
each sequence began in FIG. LA) collectively depict the 
polynucleotide sequence (SEQ ID K0:1) which encodes 
VEGF2, and the corresponding amino acid sequence (SEQ 
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[D K0:2) for che VEGFl polypepcLde comprismg 350 amino 
acid residues of which approximaLely the Srst 24 amino 
ac;ds rearcscni -the leader sequence. Tae siandord one-Uucf 
codes arc uLiliztid lo detiicL the amino acid residues eacoaed 
by the pQlynucleotide triple'^, Tac poiyaucUoLide sequence 
(SEQ ID ^fO:l) 'JVQich encodes tor V£Gr2, and the corre- 
spondina deduced amino acid sequence (SEQ ID NO:2) at' 
the cullTeni^th VEGF2 polypeptide compnsing 350 amino 
acid residues of which approximatciy the first 24 amino 
ac:ds reoreseal the leader sequence. 'Hic SLaadard three -leiter 
abbreviation has been used co depict the amino acid 
sequence. 

EIGS. 2A ind 2B colicciively depict polypeptide 
sequence.^ in alignment and show the alignment of V-EGF2 
with Che other -rowtb factor PDGFa, PDGFP, and' VEGF- 
FIG. 2A. depicts iM-terminai portions qc the poiypepude 
sequences and FIG. 2.\ continues with C-tcrmmal ponions 
of the Golvoeutide sequences. The four lines la each com- 
parativi row deuicL, resoccuvely, che PDGFa polypeptice 
seauence (SEQ ID N0:7), the PDGFP polypepade sequence 
(SEQ to KO:S),the VEG? polypeptide sequence- (SEQ ID 
N0:9)- and ihc -VEGF2 poiypepude sequence. Tae ammo 
acid residues are iUusirated in FIGS. 2 A and 2B by the 
standard one -letter codes. 

RG. 0 shows, in table -form, che percent homology 
between PDGFa, PDGF[5, VEGF and VEGF2. 

FIG. 4shows the presence of mRNAfor VEGF2 m breast 
'tumor cell lines. 

FIG. i depicts the results of a iMorthern blot .analysis of 
VEGF2 in human adult dssues. 

RG. 6 shows che results of running VEGF2 and SDS- 
Page s^l after in vicro era nscnpt ion/ translation. The fuU 
length and partial VEGF2 cDiVA were transcribed _and 
translated in a coupled reaction in che presence of-' S- 
■ methionine. The translated produces were analyzed by' 
4-20% gradient SDS PAGE and exposed Co X-ray Elm. 

In accordance wuh one aspect of the present invention, 
there is provided an isolated "nucleic acid (polynucleotide) 
which encodes for the mature polypeptide havmg the 
deduced ammo acid sequence of SEQ ID lV0:2 or for the 
mature oolvueptidc encoded by the cDiVA of the clone 
deposited as'ATCC Deposit i^o. 75698, on Mac. 4. L994, 
with aTCC, lOSOl University Boulevard, .Manassas, Va. 
20LIO-2209. Since the strain referred to is beuig maintained 
under the terms of the Budapest Treaty, it wUl be made 
.available to a patent oSice signatory to the Budapest Treaty, 
[f a patent should issue which is directed to the present 
invention, upon the issuance of such a patent the deposited 
strain of ATCC 75698 will be irrevocably and without 
restriction released to the public, excepting for those restric- 
tions permitted by enforc-ment of the patent. 

A polvnucleotide encoding a polypeptide of the present 
invention may be obtained from early stage human embryo 
(week S to 9) osteoclastomas, aduU heart or several breast 
cancer cell lines. The polynucleotide of this invention was 
discovered in a cDNA Ubrary derived from early stage 
human embryo week 9. U is stmcturaiiy related to the 
VEGF/PDGF family. U contains an open reading frame 
encoding a- protein of about 350 amino acid residues of 
which approxim.ateiy the arst 24 ammo acid residues are 
likely to' be leader sequence such that the mature protein 
comprises 326 ammo acids, and which protein e/:hibits the 
.highest homology to vascular endothelial growth factor 
(jO^c- identity), followed by PDGFa (23%) and PDCF[3 
(22^c'), (see FIG. 3). It is pariicularly impoitant that ah eight 
cvsteincs are conser.-ed within aU four members of the 



familv (see boxed areas of RG. 2). In addicioa, the signanirc 
for the PDGr/VEGF famuy. PXCVl<:CulCXGCCN,.(SEQ 
ID M0:3) is conser/ed m VEGF2 (see RG. 2). tae homol- 
ogy becweea V"EGF2, VEGF and' the two PDGFs is at the 

5 protein sequence level. No nucleotide sequence homology 
can be detected, and therefore, it would be dimcult to isolate 
che .VEGF2 through simple approaches such as low strin- 
gency hybridization. 

Tae polynucleotide of the present invention may be in the 

10 form oi: RNA or in the form of DNA-, which Df^A includes 
cDN.A, genomic D^f.^^ and syuthenc DKA^ Tne DN"A may 
be double -stranded or single -stranded, and if single stranded 
may be che coding strand or non-coding (anti-sense) strand. 
The coding sequence which encodes the maiure polypeptide 

15 maybe identical to che coding sequence shown in SEQ ID • 
tVd:l or- that of the deposited clone or may be a difi'ereni 
coding sequence, which coding sequence, as a result of the 
■redundancy or degeneracy of the genetic code, encodes che 
same, mature polypeptide as che DKAof SEQ ID lMO:I or 
che deposited cDMA. 

The polvnucleotide which encodes for the' mature 
- -polypeptide of FIG. I or for the manire polypeptide encoded 
bv 'the' deposited cD^fA. may include: only the coding 
sequence for the mature polypeptide; the coding sequence 
for the mature pol;/peptide and additional coding sequence 
'such as a leader or secretory sequence or a proprotein 
sequence; the coding, sequence for the maoire polypeptide . 
(and opuonatiy additional coding sequence) and non-coding 
' sequence,, such as incrons or non-coding sequence 5' and/or 

^° 3' of che coding sequence for the mature polypepCide. 

Thus, the term ''polynucleotide encoding a pQlypcptide" 
encompasses a polynucleotide which includes only coding 
sequence for the polypeptide as we Q as a polynucleotide 
which includes additional coding and/or non-coding 

''^ sequence. 

Tne present invention further relates to variants of the 
' hereinabove descnbcd polynucleotides which encode tor • 
fragments, analogs and derivatives of the polypeptide hav- 
ing the deduced ammo acid sequence of FIG. 1 or the 
polypepcidc encoded by the cDNAof the deposited clone. 
The variant of the polynucleotide may be a naturally occur- 
ring alleUc variant of the polynucleotide or a non-naturally 
occurring variant of the polynucleotide. 

Thus, the present invention includes polynucleotides 
encoding the same mature polypeptide as shown in FIG. 1 
or the same mature polypeptide encoded by che cDNAo.f the 
deposited clone as well as vaaanis of such polynucleotides 
which variants encode for an fragment, derivative or analog 

5Q of che polypeptide of FIG. 1 or the polypeptide encoded by 
the cDNAof'the deposited clone. Such nucleotide variants 
include deletion variants, substitution variants and addidon 
or insertion variants. 

.As hereinabove indicated, the polynucleotide may have a 

55 coding sequence which is a naturally occurring allelic vari- 
ant oAhe coding sequence shown in SEQ ID lVQ: I or of che 
coding seoucnce of the deposited clone. .^^ known in the art, 

,._ ' . f , „«t,rr,,,,-l»«M^* 

sequence which have a substitution, deletion or addition of 
60 one or more nucleotides, which does not substantially alter 
the function of the encoded polypeptide. 

Tne present invention also includes polynucleotides, 
wherein" the coding sequence for the mature polypeptide 
may be fused in the same reading frame to a polynucleotide 
65 which aids in .expression and secretion of a polypeptide from 
a host cell, for e;camptc, a leader sequence which functions 
as a secretory sequence for controlling transport_of a' 
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polvpeutidc trom (he c=ll. Tai polypeptide having a leaaer 
sequence a orcTDroiein ar.d diay have che leader sequencs 
cie':ived b'v the hosL ceU CQ form ttie mature torm OC the 
polvT^eoddc. Tae polvnucleo ddes cnay also eacoae lor _a 
proorotein which is the mature proteia plus laauioaal D 
araino 'acid residues. A cnaiure protein having a prosequcace 
IS a orourctem and 'is an Lnacuve Eorai of the proieni. Once 
the prosequeac- is cleaved an active mature protem remains. 

Taus, for example, the polynucleotide of the present 
mventioQ mav encode for a mature proiem. or [or a protein 
having a prosequence or cor a protein aavuig botn i prose - 
quence and presequcnce (leader sequence). . 

Tae poivnucleotides oc the present invention may also 
have the codin- sequence eused in trame to a marker 
sequence which allows lor purincauon of the polypeptide of 
the present inventiOQ. The marker sequence may be a 
he::a-histidine tag supplied bya pQE-9 vector to provide for 
pundcatioQ of the mature polypeptide !?ised to the marker m 
■ the case oc a bacteaai host/ or, cor example, the mancer 
sequence ciia.v be a hcmaaslutinin (H.^) tag when a mam- 
fnaiian host. e.^. CQS-7 ceils, is used. Tae H.\ lag, corre- 
sooads to lin enuope derived trom the tniiucaza bemaggiu- 
tinin orotem (WUson. L, et al.. Cell, :^7:767 (19S4)).- 

The present mvention hifther relates to polynucleotides 
which hvbridize to the hereinabove -described sequences if 
there Is at least 50% and preferably idendty between 
the sequences. The present invention paruculariy relates to 
polvnucleotides which hybridise under stringent conditions 
to the hereinabove -described polynucleoddes . .'^.s herein 
o^ed the term ^"struigeat conditions" means hybndizaaon 
will occur only if there is at least 959-0 and preferably at leasr 
57% idcniity between the sequences. Tae po'iynucleo tines 
which hvbridize to the hereinabove descnbed polynucic 
otides in a preferred embodiment encode polypeptiaes 
which retain substantially the same biological mnction or 
activity as the" mature polypeptide encoded by the cDNAoc 
SEQ lb ^fO:2 or the. deposited cDN.*^- 

Tne dcposu(s) ret'erred to herein wUi be maintained ander 
the Budapest Treaty on the International Recognition oc the 
Deposit oc Microorganisms for the purposes oC Patenc Pro- 
cedure. These deposits are provided merely as a convenience 
and are not an idmissioa that a deposit is required under j:> 
U.S.C. § U2.The sequence oc the polynucleotides contained 
in the dcocsited mateaals, as well as the ammo acid 
sequence of the polypeptides encoded thereby, are incorpo- 
rated herein bv reference and.- are coatrclliiig m Che event ot 
anv conflict with the description of sequences herein. A 
licsase may be required to make, use or sell the deposited 
materials, and no such license is hereby granted. 

Tne present invention further relates to a VHGF2 
polvpcpiide which has the deduced amino acid sequence of 
SEQ lb iM0:2 or which has the amino acid sequence 
encoded by the deposited cDiSA, as weU as fragments, 
analogs and derivatives of such polypeptide. 

Tnl terms "fragment," "derivative" and "analog" when 
referring to the polypeptide of SEQ E'D N0:2 or that encoded 
bv the deposited cDNA, me.ans a uoLypeptidc wnicn retains 
essentiallv the same biological function or activity xs such 
polvucptidc. Tnus, an analog includes a proprotcin which 
can be activated by cleavage of the proprotein portion to 
produce an active mature polypeptide. 

Tne polypeptide of the present invention may be a recom- 
binant polypeptide, a natural polypeptide or a synthetic 
polypeptide* preferably a recombinant polypeptide. 

Tae fragment, derivative or analog oc the polypeptide of 
SEQ ID iv'0:2 or that encoded by the deposited cDKA may 
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be (i) one in which one or more of the amino acid residues " 
arc subsdtuted 'vith a conscr/ed or non-coassr/ed amino 
acid residue (preferably a conser-zed amino' acid residue) and 
such subsdtuted amino acid residue may or may not be one 
encoded by the genetic code, or (ii) one in which one or 
more oc the amino acid residues includes a subsdtuea: 
group,, or (iii) one in which the mature polypeptide is fused 
with another 'jorapound. such as a compound to mcreasc the 
half-life of the polypeptide (for example, polyethylene 
glycol), or (iv) one in which the additional amino acids are 
fused to the mature poly pep ddc, such, as i leader or secretory 
sequence or a sequence which is employed cor purincadon 
of Che mature polypeptide or a proprotein sequence'. Such 
fragments, derivadves and analogs are deemed to be within 
Che scope of those sialied in thc' arc from the teachings 
herein. 

The polypeptides and- polynucleotides of the present 
invention are preferably provided in an isolated form, and 
preferably are purified to homogeneity. 

Tne term "isolated" means that the material is removed 
from its onirinai environmeQt;(e.g:,' the natural environment 
if it is nacuraily occurring)'. For example, a naturally- 
occurrmg poiynucleodde or polypeptide present in a Living ■ 
animal is not isolated, but the same polynucleoude or DN*A 
or pob,/pepdde. separated from some or all oc the coexisting 
materials 'in the natural system, is isolated. Such poiynucle- 
odde could be part of a. vector and/or such poiynucleodde or 
polypepdde could be part of a composition, and still be 
isolated m that such vector or composition is not pan of its 
natural environment.' 
■ Tne present invention also relates to vectors which 
include polynucleotides of the present inveodon, host cells 
which are genetically engineered with vectors of the inven- 
tion and the production of polypeptides of the invention by 
recorab inane techniques. 

Host cells are genetically engineered (transduced or trans- 
formed or trans reeled) with the vectors of this invention 
which may be, for' example, a cloning vector or an expres- 
sion vector. Tne vector may be, for example, m the form of 
a plasmid, a viral panicle, a, phage, etc. Tne engineered host 
cells can be cultured in conventional nutrient media modi- 
tied as appropriate for aciivadng promoters, selecung trans- 
formants or ' araplif:/ing the VPGF2 genes. Toe culture 
^conditions, such as lempcraiurc, pH and the like, ire those 
pre'/iously used with the host cell selected for expressioa, 
and will be apparent to the ordinarily skilled anisan. 

The polynucleotide of the present invention may be 
employed for producing a polypeptide by rccombmant tech- .■■ 
nioues. Thus, for example, the poiynucleodde sequence may 
be 'included in any one of a vanety of expression vehicles, 
in particular vectors or plasmids for expressuig a polypep- 
tide. Such vectors include chromosomal, nonchromosomal 
and svnthedc DC^A seauences, e.g., deavatives of SV40; 
bactenal plasmids; phage DNA, yeast plasmids; vectors 
derived from combinations of plasmids and phage DKA, 
viral DKAsuch as vaccinia, adenovirus, fowl pox virus, and 

used as Long as "it is replicable and viable in the host. 

."^s hereinabove described, the- appropriate DC^Asequence 
may be inserted into the vector by a variety of procedures. 
In general, the DKA sequence is inserted into an appropaate 
restncuon endonuciease sites by procedures known in the 
an. Such procedures and others are deemed to be within the 
scope of those skilled in the art. 

The DNAsequence in the expression vecior is oucraiively 
Linked to an appropriate expression control scqueEice(s> 
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(prornoier) lo direct mRNA synthesis. As rcpreseautive 
cx:imp!c:i of auca promoters, there cnay be meaiiaaed: LTR 
or SV40 prornocer, the £. calL Lac or crp. cbc piiagt lambda 
?^ promoLer and other promo lers Icnown co coairol crcprss- 
sioQ QC gcQcs i.n prokaryotic or eu-karyotic cslLs or their 5 
viruses. The cxpressioa vector also contains a ribosome 
bindini^ sice cor transladon iaitiatioQ and a transcnpLioQ 
ferminator. Tnc vector may also iaclude appropriate 
sequences tor arnplir/iag eApressioD. 

In addition, the expression vectors preferably contain a itj 
gene to provide a pheaotypic trait cor selectioQ of trans- 
formed host cells such as dihydrocolate reductase or aeo- 
mycin resistance for eukaryotic cell cuinire, or such as 
tetracycline or ampicillin resistance in £. coli 

Tne vector containing the appropr.atc DNA sequence as *' 
herein above described, as well as an appropriate promoter 
or control sequence, may be employed to transform an 
apurouriate host to permit the host to express the j rote in. As 
repre.seniutive examples of appropriate tiosts, there may be 
menLioncd; bacterial cells, sudti as E, CoLL SaimoneUa ' 
(ypnirnurium Screptomyces;- fuGsal .cells, such as yeast; 
insect cells, such as Drosophila and SS\ animal csQs such 
as CHO, COS or Bowes melanoma; plant cells, etc. The 
selection of an appropriate host is deemed to be withm the ^ 

■ scope of chose stcilied in the arr from the tcachmgs herein. 

More particularly, the present invention also includes ■ 
recombinant constructs comprising one or more of the 
sequences as broadly descnbcd above. The constructs com- 
prise a vector, such as a pLasmid or viral vector, .into which ,^ 
a sequence of tbe invention has been inserted, m a for.vard 
or reverse orientation, tn a preferred aspect of thts 
embodirnenL, " the construct further comprises regulatory 
scquence.s, including, for example, a promoter, opcrably 
linked to the sequence. Large numbers of suitable vectors 
and promoters are known to chose of skill in the art, and are 
commercially available. The folio wing vectors are provided . 

■ by-way of example. Sactcnai: pQ£70. pQ£-9 (Qiagen), pEs, 
phagescriut, PsLXi74, pBluescript SK, pBsKS, pNTHSa, 
piVH16a.' pNHl8a. piVH46a (Stratagene); pTrc99A, 

■plCK223-3, pKK23j-3. pORi^O, PRIT5 (Pharmacia). 
EakarvoLLc: pW'Lneo, pSVlcat, pOG4-J., pXTL. pSG 
(Str:uageae) pSVIO, pBPV, PMSG, pSVL (Pharmacia). 
However, any other plasmid or vector may be used as long 
as they are replicabLc and viable in the host. 

Promoter regions can be selected tfora any desired gene 
using C.<r (chloramphenicol transferase) vectors or other 
vectors with selectable markers. Two appropnatc vectors are 
pKiC231-S and pCMT. Particular named bacterial promoters 
include Ucl,- lacZ, T3, T7, gpt, lambda P^,. PL and trp-. 
Eukaryoiic promoters include CMV immediate eoriy, HSV • 
thymidine kinase, early and late SV40, LTRs from 
retrovirus, and mouse cnetaliothionein-l. Selection of the 
appropriate vector and promoter is well within the level of 
ordinary skill in the art. 55 

In a cunhcr embodiment, the present iaveation relates to 
host cells containing the above -described construct. Tne 
riQci eel' Clin b'- E hi'^^ncr tiikarvot ic C"[L such. 115 1 mnm- 
malian cell, or a low^r eukaryotic cell, such as a yeast cell, 
or the host cell can be a prokaryoiic call, such as a. bacterial cq 
cell. [ntroducLion of the construct into the host cell can be 
etfecied by calcium phosphate inasfeciion. DE.A£-De;ctran 
mediated iransfcction, or electroporation (Davis. L., Dibner. 
M., Satiey. [., Basic tvlethods in iVtolecular Biology, 1986)). 

The constructs in host cells can be used in a conventional ai 
manner to produce (he gene product encoded by the recom- 
binant sequence. .Mternati'.'eiy, the polypeptides of the 
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invencioa can be synthetically produced by conventional 
pepdde synthesizers. 

iVIacure proteins can be expressed in mammalian cells, 
yeast, bacteria, or other ceils under the control of aporopriate 
promoters. Cell-free translation systems can also be 
employed to produce such proteins using RiN.'\s derived 
from the DiVa constructs of the present invention. .Acpro- 
priace cloniQg and expression vectors for use with prokar/- 
otic and eukaryotic bests are described by Sambrook. et ai.. 
Molecular Cloning: A Laboratory Manual, Second Edition, 
(Cold Spring Harbor, N.Y., L989), the disclosure of which is 
hereby incorporated by reference. 

TcanscripLion of a OfVA encoding the polypeptides of the 
present invention by higher eukaryoies is increased bv 
tjQScrdng an enhancer sequence into the vector. Enhancers 
are cis-acting elemcncs of 0^.\, 'isually about from LO to 
3C0 bp, that act on a promoter to increase its transcription. 
Examples include the SV40 enhancer on the Late- side of tiie 
replication origin (bp LOO to 270), a cytomegalovirus early 
promoter enhancer, a polyoma enhancer on the late side of 
.the repLicadon origin, and adenovirus enhancers. 
■ ■•Generally, recombinant expression vectors will include 
origins of replication and selectable markers permitting 
transformation of the host cell,. e.g., the ampicilHn resistance 
gene of coli and 5. cerevisiae TRPl gene, and a poDmoter 
denved from a highly-expressed gene to direci transcription 
of a downstream scruccural sequence. Such promoters can be 
derived from opcrons encoding glycolytic enzymes such as 
3-phosphoglycerate kinase (PCK), a-factor, acid 
phosphatase, or heat shock proteins, among others. The 
heterologous strucniraL sequence is assembled in appropriate 
phase with translation initiation and termination sequences, 
and preferably,, a leader sequence capable of directing secre- 
tion of translated protein into the periplasmic space or 
extracellular medium. Optionally, ihe heterologous 
Sequence can 'encode a fusion protein including an 
N'-terminai identihcation peptide imparting desired 
characteristics, e.g., stabilization or simpUiied purification 
of expressed recombinant product. 

Uscbal expression vectors for bacterial use are construe Led 
by inserting a structural DNA sequence encoding a desired 
protein together with suitable trsnslation initiation and ter- 
mination signals in operable reading phase with a functional 
promoter. Tnc vector will comprise one or more paenotypic 
selectable markers and an origin of replication to ensure 
mauitenance of the vector and to, if desirable, provide 
ampUhcation within the host. Suitable prokar/otic hoses for 
transformation include £. coli, Bacillus zubtUU, Salmonella 
cyphimurium and various species' within the genera 
Pseudomonas, Streptomyces, and Staphylococcus, although 
others may also be employed as a matter of choice. 

As a representative but nonlimiting example, <aseful 
expression vectors for bacterial use can comprise a select- 
able marker and bacterial origin of replication derived from 
commercially, available plasmids comprising genetic ele- 
ments of the well known cloning vector pER322 (AJCC 
^7niT\ ^M^-h /^rs m r,"! 1 [ vectcfs mciiide tor ^xamoLe 
pKiCI23'3 (Pharmacia Fine Chemicals, Uppsala, Sweden) 
and GElVU (Promega Biotec, Madison, Wis., USA). These 
p'BR322 "backbone" sections are combined with an appro- 
priate promoter and tbe structural sequence to be expressed. 

Following transformation of a suitable host strain and 
growth of the host strain to an appropriate cell density, the 
selected promoter is dcrepresscd by approprure means (e.g., 
temperature shift or chemical induction) and cells are cul- 
tured cor an addidonal period. _ 
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C-Us irc tvpicillv harvested by ctQLafugauoQ, disnipLc:d 
by physical or ch.micii means, and the resulLiQg cniQc 
cxiraci rccaioed cor eurihcr piirJicauoci. 

Microbial c^iUs employed la =xprcssioa ot proceins caa oc 
disruoLed bv anv coavemeoL method. Including treezs-'.haw 
cycling. soQicaiioQ, mechanical disnipaoQ, or use or cell 
Wsing agents. 

Various mammalian cell culture systems can al^so be 
,3iDl07ed Lo express recombiaanc proLcm Examples o 

cnammaUan =.pressioa systems ^^^^^^^^ VS^'tl' T^^^^ 
moakev kidney abroblasts, descnbcd by G uzman, C U 
-^-^•L '5'a981). and other cell lines capable of -j^f^^^^^^ ^ 
compaable v.ctor. tor example, che C127, 3X3, ChO, HeU 
and GHfC c::Ll lines. iVlammaUan expression vectors ^A/iil 
coaLvr/c--^a ori-m of cepiicatioQ, a suitable pramocer ana 
enhancer and also anv aecessarv nbosome bmdmg sites. 
polvadenvlaLion sue, spUce donor and acceptor 3ites, traa- 
scnutional-termmalioa sequences, and 5' flanking no ntr an- 
scribed secuences, DKA sequences denvea brom the 5vuu_ 
viral ^r^nome, for example, SV40 ongih,- early promoter, 
enhancer, sultce. and polyadenytatioQ sues mav be used to 
provide the required Qomt3.GScribed genetic elements. 

VEGF^' Is recovered and purined from' cecombmant ceU.- 
cultures bv methods used heretofore, including ammonium 
■ sultaie'or'eihanol arecipitation, acid- extraction, anion or 
cauoa exchange chromacography, phosphocellulose 
" chromato-raubv, hvdroohobic interaction chromatography, 
affinity chromatograohv, hvdroxyapaate chromatograpny 
and lectin chrocnato^graphy. It is preferred Lo have Low 
CQQceatrations (ai:pro:dmateLy 0.1-5 miVt) oc calcium loa 
present during puriAcation (Pace, et al., J. BioL Cacai., 
.74^'91.7 (I969)). Protein cetblding steps can. be used, as 
necessary, m comuleting con&gucation ot the mature protein. 
Finally, high pertbrmance liquid chromatography (HPLC) 
can be employed for hnal punacation steps. -,5 

The poivpeptides of the present Invention m.ay be a 
aaturallv purilied product, or a product of chemical synthetic 
urocedurcs. or oroduced bv recombinant techniques Lrom a 
prokarvotic or eukaryotic host (tor example, by bacteruU ' 
vcast hi^-her plant, insect and maramaUan cells m culture). ^ 
bcoendmg upon the host employed m a recombinant pro- 
duction-urocedure, the polypeptides of the preseat invention 
- aiay be glycosylated wuh mammalian or other eukaryotic 
carbohydrates or may be non-glycosylated. 

VEGF2 IS usccul as a wound healing agent, particularCy 45 
whcre u is necessary to ce-vasculanze damaged tissues, or 
■where new capiilarv ansiogenesis is important. Therefore.. it 
mav be used for treatment of ■tuU-thickness wounds such as 
dermal ulcers, including pressure sores,, venous ulcers, ana 
diabetic ulcers. In addition, -it can be used m the treatment oc 50 
full-thickness bums and injuries where angiogencsis is 
desired lo preoare the bun: m 'injured sites for a skin graft 
• and Elao. [n this case, it should be applied directly at the sues. 
Similar. VEGF2 can be used in plastic surgery when cecon- 
siruciion is required following a bum, other trauma, or even 55 
fof cosmetic purposes. 

VEGF2 mav also be used to induce the growth oc dam- 

i^cu OutjC, p*-t. ivji-ii-'ULiUkil 

in periodontal disease where VHGFl i.s applied in a meth- " 
ylcellulose gel 10 the roots of the diseased teeih, the treat- 60 
ment could lead to the formation oc new bone and cementum 
wuh collagen aber ingrowths, li can be used for regenerating 
supponinii tissues of leeth, including alveolar bone, cemen- 
■ turn and pcaodontal ligament, that have been damaged by 
disease and trauma.' 

Since an-^io-enesis lS important in keeping wounds clean 
and non-infected. V'EGF: may be used Ln association wuh 



sur^^erv and folio w\Gg the repair of cuts. U should be 
particuiariv "iseful in the treatment of abdomiaal wounds 
where there is a high risk of infection. 

V"EGF2 can be used for the promotion of endothclializa- 
don m vascular graft surgery. In the case of vasc^alar grafts 
usin" either transplanted or synthetic mate rial, VEGF2 can 
be applied to the surface of the graff or at the juncdon kq 
orocQoie the growth oc the vascular endothelial ceils. Oae 
derivation of this is that VEGF2 can be used Lo repair the 
damage of myocardial infarction and other occasions where 
coronary bypass surgery is needed by stimulating the growth , 
of the transplanted tissue. Related to this is the use of 
V^GF2 10 repair the cardiac vascular system after ischemia. 

Tac identincation of VEGF2 can be used for the genera- 
tion of certain lahibitors of vascular endothelial growth 
factor. Since angio genesis and neovascularization are essen- 
tial steps in solid tumor growth, iohibitioa of "angiogenic 
accivlLV of the vascular endothelial growth factor is ver/ 
usefuUo prevent the further growth, retard, or even regress 
solid mmors. .■Mthcugh the level of expression of VEGr2 is 
exiremelv low m normal tissues including breast, it can be 
found expressed at mcdcrate levels in at least two breast 
tumor ceil lii:es that are derived from maiigaant tumors. It 
is, therefore, possible that VEGF2 is involved in tumar 
an^iogenesis and growth. 

V'EGF2 can be used for in vitro cuUuring of vascular 
endotheliarceOs, where it can be added to the conditional 
medium to a concentration from LO pg'ml to 10 ng/ml. 

The polvoepdde of tbe present invention may also be 
emploved 'in accordance with the present invention^ by 
expression of such polypeptide 'in vivo, which is often 
referred co as- "gene therapy.'* 

Thus, for example, ceUs such as bone ma'rrow cells may 
be engineered with a polynucleotide (DC^Aor RNA) encod- 
ina foT the polvpeptide ex vivo, the engineered ceUs are then 
provided to a patient to be treated with the polypeptide. Such 
methods are weU-known in the art. For example, ceUs may 
be engineered by procedures known in the art by use of a 
retroviral parade coataining RNAencoding for the polypep- 
tide of the present invention. 

Similarly, cells may be engineered in vivo for expression 
of the polypeptide in vivo, 'for example, by procedures 
known m the art. As !<nown in the art, a producer cell for- 
■producing a retroviral particle containing RNAencoding the 
pob/penade of the present invention may be administered to 
a patient for engineering cells in vivo and expression of the' 
polypepdde in vivo. Taesc and other methods for adminis- 
teriag a aolypepcidc of the present uivcntion by such meth- 
ods s'houid be apparent to those skilled in the art from the 
teachings of che present invention. For example, the e.xpres- 
sion vehicle for engineering cells may be other than a 
retroviraroanicle, for example, an adenovinis, which may 
be used to engineering cells m v.ivo after combination with 
a suitable delivery vehicle. 

The poLyoepcide of the present invention may be 
employed in combination with a suitable pharmaceutical 
carrier Such comnositions comprise a therapeutically eifec- 
tive amount of the protein, and a pharmaceutically accept- 
able carrier or excipient.. Such a carrier includes but not 
■ Umited'to saline, buiiered saUne, de.^irose, water, glycerol, 
eihanoL and combinations thereof. Tne formulalion should 
siiic the mode of administration. 

The invention also provides a pharmaceutical pad-: or kit 
comprising one or more containers hlled with one or more 
of the ingredients of the phafmacsutical ccmpositions of the 
iQvenuon. .^jisociated with such containea» can be ajiotice 
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in the eorm prescribed by i goveraffi«ul ageac/ re-iUuag 
Che minafacnirs, .^c or sale of phamacrdLicaLsor bvologicil 
oroducis. which nouce rsSeas approval by the ae«cy oc 
"cnanufic.ure. use or sals Cor. human admm.su-itiOQ.lQ 
addition, Ihe polypepude of the present invention may be 
etnoloved on conjaQciion with other therapeutic compounds. 

Tne oharmaceuLicil comoositiOQS may be idmkusiered m 
a convenient manner, such as the oral, and tntravenous 
routes, and is preferably adcninistered topically. Tae 
amounts and dosage regimens of V^GFl aammistered to a 
subiec: will deoend oo a number of faciots, sucn as the mode 
of admiaistratioQ. ihe oature- of the condition being treatea, 
the body weiaht of the subject being treated ana the juag- 
ment of the prescribing physiciaa. GeneraUy speaking, it is 
..iven. for e.4mnl=. m therapeutically effective doses ot at 
Teast about l.Q.,ua/kg body weight and. in most cases, it 
would be adminis'tered in an amount not in excess ot aoout 
S mi'k- body weight oer day and preferably the dosage is 
from about 10 ^tg/kg body weight to about i mgAcg body 
weight daily, taking into .the account the routes of 
admLnisiraLion. ^ycnpLams, slc 

Tnct sequc^ncss of 'the pr=secit inveadon ars also valuable 
for cbrotnosomc: Ideau&cauon. Tq= sequeac^ ls speaacaiiy 
tar-eLcid lo aad cun hvbadizs wuh a particular location on an 
individual human chromosome. Moreover, there is a current 
Qced for [denLLfvin- particular sues oa the chromosome 
Few chromosome martcicig reageats based on actual 
sequence data freoeat potymorpaism's) are presently avail- 
able for marking' chromosomal location. Tne mapping at 
■ ON As to chromosomes according co the present invention is.. 
. an importaat cirst step in correlating those .sequences ^th 
aenes associated wuh disease. 

' Briertv. sequences can be mapped- to chromosomes by 
pceoanng PCR primers (preferably 15-25 bp) from the 
cDNA Comouter aaalvsis oi the cDNA used to rapidly 
select primers that do not span more than one exon m the 
- ccnomic DMA, thus complicating the impLiacatioa process. 
These primers are then used for PCR screemng of somatic 
cMl hvbnds contamuig individual human chromosomes. 
Onlv these hvbrids containing the human gene correspond, 
ing'to the primer wiU yield an amplified fragment. 

mapuing of somatic cell hybnds is a rapid procedure 
for assigning a particular DKA to a particular chromosome. 
UsmM the present mvcntion wich the same oligonucleotide 
pamers, sublocatizauon can be achieved wuh panels of 
fracrrneats from specific chromosomes or pools oc large 
acnomic clones lq an analogous manner. Other mapping 
strategies thai can similarly be used to 'map to its cnromo- 
some include in situ hvbridization. prescreenmg wuh 
. labeled fiow-sorted chrom.Q3oraes and preselection by 
hybridization to construct chromosome specitic-cDKA 
libraries. 

Fluorescence ui situ hvbr.dizatioG (FISH) of a cDKA 
clone to a metaphase chromosomal spread can be use£ to 
provide a precise chromosomal locaiiOQ m one step. Lois 
" lechnique can be a.scd wuh cDNA as saori as 500 or 600 

likelihood of binding to a unique chromosomal location wuh 
suijicient signal mteasuy for simple detection. FlSrl 
requires use of the clone from which the -EST was deavec, 
and the lon-er the better. For example, 2,000 bp is good, 
i 000 IS better, and more than 4,000 is probably not neces- 
sary 10 '.^ei aood results a reasonable percentage oc the lime. 
For a revic'^ of this technique, see Vcrma ei ah. Human 
Chromosomes: a Manual of Basic Techniques. Pergamon 
.Press. 'N'cw \ork 
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Once a secuence has been mapped to a precise chromo- 
somal loca-tioQ, the physicil posuion of the sequence on the 
chromosome can be correlated vvuh genetic map data. (Such 
data are found, for example, in V. McKiisick, Mcndelian 
Inheritancs in Mao (avauable on line through Johns Hopkias 
U'Qiversuy Welch Medical Library). Tnc relaLionship 
between genes and.di:;ease3 that have been mapped to the 
same'chromosomal region arc then identilaea through link- 
age analysis (coiohedtance of physically adjacent genes). 

iVexu it is necessary to determine the differences in the 
cDKAor genomic sequence bervesa affecied and unaffected 
individuals. If a mutation ts' observed in some or ail of the 
affected individuals but not in any normal individuals, then 
the mutation 'Is likely to be the causative agent of the disease. 

Wich cunrenc resolution of physical mapping and genetic 
mappins techmaues, a cDNa precisely localized to a chro- 
mosomal region'associated with the disease could be one of 
between 50 and 500 potencial causative genes. (This 
assumes I megabasc- mapping resoluiioo and one gene per 
20 kb). 

■ Comoarison of affected and unaffected individuals gen- 
eraUy involves firs: lookiag -for strucuiral alterations in the 
chromosomes, such as deletions or irans locations that are 
visible from chromosome spreads or detectable using PCR 
based on that cDKA sequence. Ultimately, complete 
sequencing of genes from several individuals- is required to 
confirm the presence of a mutation and to distinguish 
mutations from polymorphisms. 

Tne present invention is further directed to uihibiting 
V'HGF2' in. vivo bv the use of antisense technology. .Anti- 
sense technology can be used to control gene expression, 
through trinle-heUx formation or antisense DKAor Ri^.A, 
both of which methods are based on bindmg of a polynucle-^ 
otidc to DNAor RNA. For example, the 5' coding portion oc ' 
the mature oolvnucleotide sequence, wmch encodes for the 
polypeptide of' the present invention, is used to design an 
antisense RiVA oUgonucleotide oc from 10 to 40 base pairs 
in length. A DKA oligonucleotide is. designed to be comple- 
-menta% to a region of the gene involved in transcnpuon 
(triole helL-c— see Lee et al, Nucl. Acids Res., 6:3073 (19 /9); 
Cooney et al. Science, 241:456 (i9SS); and Decvan et ai. 
Science, 251: 1360(1991), thereby preventing transcnpuon 
and the'producdon of VEGF2. fae antisense RNa oligo- 
nucleodde hvbridizes to the mRNA in vivo and bloclcs 
translation of an mRMA molecule into the VEGF2 
(antisense-Okano, i. Neurochem., 56:560 (1991); Oligode- 
o,<ynucleoLides as .Antisense [nhibitors.of Gene Expression, 
CRC Press, Boca Raton, Ba. (1983)). 

Aitemativelv. the oligonucleotides described above can 
be delivered to cells bv procedures in the an such chat the . 
anti-scnse RNAor DKAmay be e.-,?res5ed in vr/o lo innioit 
production of V-EGF2 m the manner descnced aoove. 

.Antisense cocstracis to VEGF2, therefore, may inhibit the - 
an-^Q-enic activity of the VEGF2 and prevsni the curthe: 
crrowth or even regress solid tumors, smce angiogenesis and 
neovascularization are essential steps m solid tumor growth. 
These antisense constructs may also be used to ireai rneu- 
matoid arthritis, psoriasis and diabetic reiinopattiy wnicn arc 
all characterized by abnormal angiogenesis. 

The polyoentides; their fragments or other derivatives, or 
analocTS thereof, or cells e.Kpressing them can be used as an 
immunogen to produce antibodies thereto. Tnese antioodies 
can be, for example, polyclonal or monoclonal antibodies. 
Tne present invention also includes chimeric, single chain, 
.and humanized aal.lbodic^:, as well as Fab fragmcnis, or the 
product of an Fab e.xnressiOQ library. Various procedurco 
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kaowa in the ,a cn.y be used for the producuoa of such 
antibodiiis and <::ragmenL5. 

A^iibodies -.ncraud igams; the polypcpcidt: corr--^poaa- 
,Q a seGucact of che present mvcadoa ciq oc: ootaiti^a bv 
direci uiiticuGn of the poLypepdde iaio an animal or oy 
admmister.n- ihc^oLypeodde lo aa animal preteraoiy a 
QQahumoa. The inubody so obcaioed chea omd me 
pQlypcoude iLseLi". (a this maaac:. .vca a sequence eacaaing 
oniv a Vragmeat ot the polypcpude can be asca 5^^*=^^^.^ 
anubodies bmdiaa the 'vhole native polypeptiae. Such ana- 
bodies can then be ased to isolate the Dolypepaae crom 
assuc expressina that poiypepiiae. 

For oreaacatiOQ of moQCclonal antibadies. any technique 
which orov.dcs antibodies oroduc.d by conunuous ceU ione 
cultures can be ^sed. £;:amples include the hyondoma 
c.chniaue (Kohier and MUste.n 197. , tVat-ure 
756.d95"-i97) the tnoma technique, .the human b-cu 
hybr^doma techniaue (Kozbor et al. L9S3. Immunology 
Todav ^•7'^) and the E3 V-tiybadoma techmque to proauce 
human mo'nocloaal antibodies (Cole, et aU .1985 m Mono-; 
clonal .^nabodies and Cancer Taerapy, Alan R. Liss, Inc, 

pp, 77-96). . , I. • 

Te-hniques described for the. production ot single chain 
antibodies. (U.S. Pat. No. 4.946,773) can be adapted to 
proauce single chain antibodies to immunogenic polypep- 
tide products of this invention. 

Neutralizaiion antibodies can be idendfied and applied to 
diastc the vascular endothelial growth f^^'^^y* ^^^^ \tia t h as 
been shown, in mice model systems against VEyF. VEGF^ 
can also be mactivated by certam dominant negative mutants 
. within the ^iene itseLf. It ^■tcnov/n chat ^o^ti PDGra and S 
eorm eitherhetcrodimers or homodimers, and VHGF forms 
homodimers. Simdar interaction between VHGrl could be 
ci'coected These antibodies cherefoce maybe used to bLoc.< 
the angiogenic activity of V£GF2 and retard the growth ot 
solid tumors. These antibodies may also be used lo treat 
mtiammation caused by the increased vascular permeability 
which results from the presence of VEGF2. 

Taese andbodies may fiarther be used m an immunoassay 
to detect the aresence of tumors in certain mdmduals^ 
Enzvme immunna.ssay can be performed f:om the olood 
sample of an individual. Elevated levels of ot V tiGrZ can be. 
considered diagnostic of cancer. 

The 'jrescnt invention is also directed' to antagooist.' 
mhibiiors of the polypeptides of the present invention. Tne 
aniagonisiy'inhibitors are those whicb inliibu or eliminate the 
function of the oolypeptidc. 

Tnus. for e;cample, antagonists bind to a pol:^eptide of 
(he oresent invention and inhibit, or eliminate its function. 
The^ntagonist, for e.^ample, could be an antibody against 
. me Qolyueotide which binds to the polypeptide or, in some 
cases, an oUgonucleoiide. example oc an mnioitor is a 
small cnolecule which binds lo and occupies the catalytic sue 
of the oolypeutide thereby making the catalytic site inac- 
c-Goible to substrate such that normal biological activity is 
prevenicd. Examples of small molecules include but are not 

r-_- J n ..vu^ .^r r^«,-.i ,>U rTinlfiCules. 

Truncated versions of VEGF2 can also be produced that 
are caoable oc interacting wuh wild t:/pe VEGrl form 
dime-rs' that fail activate endothelial ceU growth, therefore 
inactivated the endoaenpus VEGFl. Or. mutant forms of 
VEGF^' form dimers themselves and occupies the Ugand 
binding domam of the proper tyrosine ICinase receptors on 
' the tarc^et cell surface, but fail to activate the cell growth. 
.Aiie'rnatlvelv. nntaaonists to the polypeptides of the 
present invention may be employed which bma to the 



recentors to which a polypeptide of the present invention 
normally binds. Tne antagonisLS may be closely related 
proteins such that they recognize and bind to the receptor 
sites of the natural protein, however, they are inactive forms 
5 of the namral protein and thereby prevent the action of 
VEGF2 since receptor sites are occupied. In these ways, the 
action of the V£Gr2 is prevented and the antagouist/ 
inhibitors may be used therapeutically as an -anti-tumor drug 
by occupying the receptor sues of tumors which are rec^g- 
iQ aizsd by V^GF2 or by inacuvating VEGF2 itself, ine 
antaaonisc/'inhibitors may also be 'ased to prevent iniiamma- 
tion'duc to the increased viscular permeabilirr^ acuon of 
VEGF". Tne antagonist/inhibitors may also be used to treat 
'solid tumor .growth, diabetic retinopathy, psonasis and rheu- 
15 matoid ar.hntis. 

The antagonist/inhibitors may be employed in a compo- 
sition with a pharmaceuticilly acceptable carrier, e.g., as 
hereinabove described. ^ 

Tne present invention wiU be further descnbed wuh 
""^o reference to the following" examples; however, it is to be 
understood that the present invention is aot limited to such 
examples, .^il parts or amounts, unless othcr.vise speciried; 
are by weight. 

In order to facilitate understanding of the follov^-ing 
~ examples, certain frequently occurring methods and/or 
terms will be described. 

"Plasmids" are designated" by a lower case p preceded 
and/or followed by capital letters and/or numbers. Tne 
starling plasmids herem are either commercially avaEable, 
public'/available on an unrestricted basis, or can be con- 
structed from available plasmids in accord wuh published 
procedures. In addition, equivalent plasmids to those 
described are known in the ar. and '^U be apparent. to the 
,^ ordinarily skilled artisan. 

^' "Digestion" of DNA refers to catalyac cleavage of the 
DNA^th a restriciion enzyme that acts only at cenain 
sequences in the DKA. TTae various restriction enzymes used . 
herein are commercially available and their reaction 
^ condiuons, cofactors and other requirements were used as 
would be known to the ordioanly skilled artisan. For ana- 
- lytica! purposes, typically 1 ag of plasmid or DiMA fragment 
is used with about 2 units of enzyme in about 20 ,al ot bu5er 
solution. For the uurpose of isolating 'DKA Eragmenis for 
^, olasmid construction, typically 5 to 50 ug of £}^:\ are 
digested v/uh 20 to 250 units of enzyme m a larger volume. 
■ Appropriate buyers and substrate 'amounts for pardcular 
restriction enzvmes are specined by the manufacturer. Incu- 
bation times of about 1 hour at 37*" C. are ordinarily used, 
-n but may vary in accordance with the supplier's instructions. 
After digestion the reaction is elecirophoresed directly on a 
poly-acr.ylamide gel to' isolate the desired fragment. 

Si-- separation of the cleaved fragments is pertormed 
using 3 percent polvacry lamide gel described by Goednel, 
.5 D et al.. Nucleic Acids Res.. 3:4057 (1980). 

-Oligonucleotides" refers to either a single stranded 
polydeoxynucleotide or two complementary polydeoxy- 
nuclf-.niidc sirands which may be chemically synthesized. 
Such synthetic oligonucleotides have no 5' phosphate and . 
fio thus will not Ugaifi to another oligonucleotide without add- 
■ ing a phosnhate wuh an .4T? in the presence of a kinase. A 
synthetic oligonucleotide wiU Ugate.to a fragment thai has 
not been dephosphorylated. 

"Ligation" refers to the process of forming phospbodi- 
65 ester bonds berween two double stranded nucleic acid frag- 
. ments (Maniatis, T. et al.. Id., p. 146). Unless othersvi^ 
provided, Ugiuon may be accomplished 'asing kiiowQ_oug- 
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ers aod conditions with 10 uaits of 1 4 DNA Ugase CUgase") 
per 0.5 ui^ of apuroximiielv cquimolar amouats at chc DN A 
tragnieats to be ligited. 

Unless QLhcrwUe suLcd, criQsforrnatioa was perrortned as 
described by che method of Graham, F. and Van der £b, A., 
VLroiogy, 5^:^56—4-57 (1973), 

Expression, pattern of VEGF2 m human tissues and breast 
cancsr cell' lines 

iMorthern blot analysis was carried out to examine rhe 
levels Qt ex-jression of VEGF2 in tiuman tissues and breast 
cancer celf Unes lq human tissues. Total ceUular RKA 
samples were isolated w^ih RNAzor'^ B system (Biotecx 
Laboratories, Inc.)- About LO ag of ^otai RiMA isolated from 
ciach brciLSt tissue and cell line spccined was separated^on 
1% agarose gel and blotted onto a avion Oiler, (Molecular 
Cloning. Sambrook Fritsch, and iVtamatis, Cold Spring 
Harbor Pcess, 1989). Toe labeling reaction was done accord- 
ing to the Slratagene Prime-it kit with 50 ng DNA .^agmeoL 
Tlie Labeled DNA wos- punned with a Select-G-50 column 
K'-om 5' Pome— 3 Fame, Tnc. Tne hiler was Uien hybadized 
wuh radioactive labeled fuU length VHGF2 gene at UOOO^, 
000 cpm/ml in 0.5 M NaPO, and 7% SDS overmght at 6:3^ . 
r .Atier-wash twice at room temperature and twice at 60*'. C. 
with O.i .K SSC 0.1% SDS, the filters were then exposed ac 
-70"* C. overnight with Lntcnsifying screen. A message of 1.6 
ICb was obser/ed ui '2 breast cancer ceQ lines. Lane .^4 
rcacesents a very cumongenic cell line that is estrogen 
inde-jeadeat for growih: See FIG. 4, ^iso, iQ'u^ of tocail 
RNA from iO human adult tissues were separated on an 
■ aglrose '--el. and blotted onto a nylon Slier. Tne aicer was then 
hvbridized with ridioactWely labeled VEGF2 probe m 7% 
Sbs, 0.5 M tMaPO^. ?H 7.2; 1% BSA ovenaigat at 65" C. 
^ Following WIS m 0.2 X SSC aC 65" C, the SUer was exposed 
to dim Cor 24 days at -70'' C. with intensifyuig screen. See 
FIG. 5. . ■ 

EXAMPLE 2 

Expression of VEGF2 by in vriro transcnpti I on and 
Lranstauon ... 

The VEGF2 cDNA was transcribed and translated m vuro 
to determine the size of the translatable polypeptide encoded 
by the tuil length and partial VEGF2 cDKA. Tne full length 
and oarcial cDNA inserts of VEGr2 in the pBluescnpc SI< 
vector were ampliiied by PGR with three paris oc primers, L) 
Mlj-rcvcrsc and for^vard primers; 2) MI3-reverse primer 
and VEGF primer F4; 3) iVtlj-reverse primer and VEGF 
primer F5. The sequence oE these primers are as follows. 



N413-2 reverse primer: 

5'-.^JGCTTCCGGCTCGTATG-3' (SEQ ID MO: 4) ^ 
■ Tnis sequence is located upstream of the 5' end of the 
VEGr2 cDN"A msen in the pBluescript vector and is. in an 
5 a mi- sense oricntaiioa as the cOiN'A. aT3 procQoter sequence 
is located between this primer and the VEGF2 cOtVA. 

iVli3-2 cor^vard primer: 
. 5'GGGTTTrCc'cAGTCACGAC-3' (SEQ ID N0:5) 
Tnis sequence is located downstream of the 3' end of the 
la ■ VEGF2 cOKa insert in the pBluescript vector and is in an 
anti-sense orieatadca as the cDNA insert. 
V'EGr primer F4: 

5'-CCACArGGTTCAGGAAAGACA-3'(SHQ ID N0:6) 
Tnis sequence is located wichin the VEGF2 cQNA in in 

IS anti-sense orientation u-om bp L259- 1239, 'which is about 
L69 bp away from the 3' end of the stop codon and, about 266 
bp before the last nucleotide of the -cDKA. 

" PGR. reaction with all three pairs of primers produce 
amplihed products with T3 promoter sequence in Lront of the 

20 cDKA ins'ert. THe Qrst and third, pairs oi: primers produce 
■ PGR produce that encode the full polypeptide oc VEGF 2. 
The second pou" of primers produce PGR product that oaisscs 
36 amino acids coding sequence at the C-termmus of the 
V'EGF2 polypeptide. 

25 Approximately 0.5 ug of PGR product from first pair oc 
primers, I ug irom second pair of primers, L ug from third- 
pair of primers w^re used for in vitro transcription.'' 
■ translation. Tne in vitro transcription/ translation reaction 
was performed in a 25 ul of volume, using the T.^'V^ 

30 Coui:led Reticulocyte Lysace Systems (pro mega, CAT.? 
L4950), Specihcaily, the reaction contauas 12.5 ol of Ti>rr 
rabbit reticulocyte Lysate 2 ul of TNT reaction bucer, 1 ulot 
T3 polymerase, L ul of I mM ammo icide mixtrue (minus 
methionine), 4 ul of ^^S -methionine (>1000 Ci/mmol, 10 

35 mCiyml). I ul of 40 U/ul; RiVasm nbonucicase inhibitor, 0.5 ■ 
or I ug of PGR products. lMuc lease -free H-0 were added to 
brmg the me to 25 ul. The reaction was incubated at 30* G. , 
for 2 hours. Five microliters of 'the reaction product was 
analyzed on a ^20% gradient SDS-PAGE gel. Aiter hxmg 

iO in 25?a isopropanol and 10 '^b acetic acid, the gel was dned 
and exnosad to an X-ray him overnight at 70'' C.' 

Ai shown in FIG. 6, PGR products containing the fiiU 
length VEGF- cDNA and the cDKa missing '266. bp in the 
3' untranslated region (j'-UTR) produced the same length of 

4.5 translated products, wbose molecular weights are -istimated 
to be 38^0 dk. (lanes I ^ 3). The- cDNA missing ill the 
3'UTR and' missing sequence encoding the G-terminal 36 
amino acids was translated into a. polypeptide with an 
estimated molecular weight of 36— 3S kd (lane 2). 
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cqaa,^.^ g=.aaa«=-- gqaq«g=-q 

_ - -r* '"'•a aafi "iiC 

- --- - 

-20 

c-i dca aaa aaa '^^^ 

c^: l:^ 

-10 

r- - - 

Laa Ajsn ise, , <- 

-.^ Acrn an- qar aat q-ag. 

23 - ju . - 

■ .-c -rq cz^ caa qac q^q. -^q^ "^^^ TT- 

iel-.ra -^rq Giu V.i 11. .so V.i Giy 

40 , . " ^ 

^\ r-- aaa c=-- c=a tq-c q^q 

in 

, -cr-c a<a<3 qcri' <3*q caq ^qc 

. rj. ^r, c'.: =r, ^i. c., 

70 '^^ 

--^ aad. ati" aca 

Te!- "4 1:: n: "i 

„= ir: r.: =k: n: 

Gl/ ?CG Lys 9ca 7^1 Th. 
105 

c-., .ja c.. 

. c/s rtat Sec L/s Laa A:,p Va- 

- IZQ 

ca- ticG c-q cca aca aci cti^ cca caq t?'. 
I!-; Sar -o^^U Tt.. .au Pea Gin Cys G.n 

r,ac ccc dc= a-.q tqq ^a-. c^c 

C-,s Tnr Asn -yr Tr? As. .... I-- 

150 

c.c a., q.. T:; 

GLc; GLu Lp ?he He. ?b-e Sa. .er ^.p A.^ u./ 

gg. C.-. g^C cqr qq* a^q q^q 

GL/ ?he HJL3 Aao Cla Cya ^--/ 
US 

.Qr C^a cq-, qT:= -,qc ^q^ q<=7 '^'^^ ^^"^ 

Gin cys Cya A.-q Gly L.a Arq Pro 

20Q ^'^^ 

■ C.C ... q-<. C-.. q<.C .qa a.C cc. ^qc caq .q^ 
LV3 GLu Lau Aso Arq Asn :>er Cya C/s 



... c== aqc ca^ cqr qqq qcc aac cq-a qaa 
iZ ?ae ?CO S.> cm Cys Gly Al- ^an Arq G.a 

3-. i-cr-P aaa «ca acc ^qc ccc aqa 

III .T;: c:: 

... .q. qcc .q. q^^ cq. .c. q.. 
9ea GLy '-y^ Cy3 Aid Cys ^l'^ C/a .n. --^u 
;s5 ^'^ 



;-iC3qTiC*tq ::xc==aqrq- 

tgq "fiiJ -iT^q "^^C 
tr^ Cv3 rtec tyr t*ys 
-13 

i<3i c« CiO qcr aac 
Aj^q 'Gi-ii Gia Ai. A^n 



gcr qca qca ca" t-t 
Aii Aii Aii til3 Tyr 



•-egg Aca aaq ac- Cia 
Trp Arq u/a '^ii- ^-^ 
' .35 

\aaa qaq ■ qq^ = 
Lys Gia ?he Gly- Vai 
50 

tec q^C .qa ^q^t 

3ar vai Tyr Acq Gya 



nt.^ a.ac acG aqc acq 
Me^ Asn Ttir 3a ^ Ttir 

as 

griq ccr c-c caa 
Vai Lau ,3er Gin 

10 0 

cac ac-S tec rqc cqa 
ais tiir sec Cya Arq 
113' 

cat ^-c a-t attt aga 
Hl3 3«r ria Ila Arq 
UO 

qca qcq aac aaq acc 
Aid Ala Asft Lys Thr 
143 

r:gc aqa ':qc c-q qc* 
Cvs Arq Cya Lau Aia 
U3 

gar: qac cca aca qac 
Aac A30 Sar thr Aap 
190 

c^q qa"i qaa qaq acc 
Leu AdO Glu Glu Tlxr 
153 



qcc age iqu qqa ccc 
Ala ier Cya Gly 
2 10 

q-cc -q" ■^'^^ ^^'^ 

Val Cys Lys Asa Lya 
225 

"CI- gat uaa daC dC^ 

^ha Aac GLa Aan Thr ■ 

aax caa ccc cza aa^ 
Ain Gla 5rc Cau Aaa 
2S0 

cca caq aaa cqc ^-'7 
?co Gla Lya Cys uau 



SO 
109 



IS7 
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^ — c-c -^c «a aca t.q= ^qc w^c cgq 

--i aa^ cca ^aq '^'iq ^, ^ cvs Sar Cvs Tvr Arq Arq 

Lau r.v« GI/ Cys Lys ?ti. H^s .-"i 
* 29Q 

CC. .q. .cq ..c c,C caq ..q qc. ^q- ^ ^ ^ 

pre Cya Tiir A^r. Arq Oin L/3 A— c. 

. tiC -cq Cia aqa c=a csa arq 

aaa qa* q^-q '^'5- =^ ?,^7 3" -rye T- Gin Aj=q ?ra Gin i-.er 

6iu Gia vai Cys Acq C/s 9ro Sar 3,3 

3LQ . . ^'•^ 

— a qtLZCir^a^n t'-c-^^-^^ ggaia<ic-q^ • 



10 21 



I0S3 



1117 



IL'O- 



Ciqaficrqtis 


i;:p;gaiicaga 


gaqac = CT:-q 


cgggi:c=a-nq 


c-aacaaaqa 




- ,;---c.c"qa 


■icca'cg-cgga 




gaaanggaCw 


gqagc -ca-cc 




■z-cc"q*-'='^ 


gac-qq""^" 


fr-cgccia-cga 


csaaacaqc- 


aaga-C-"~ = = 




wtuaiiaq 


aa-cqac-iTia 


t,aa-c-r.n""Ei 


ccac-aaaaa 


tat:t:qii-T:=" 


i 4 10 




aaCA-*"C-qqi: 


ia,aac- = ac- 


gTiga-tii=aa-a 


cT:i:Ti-&3i;aT: = 


i <17Q 




aaaazga-iaa 


figTia-d-^i^a 


aaaaaaaad.a 


aaaaa 


1525 



<:2L0> NC : . 

c2l!.> LiWGTH: 350 

<:£Lj> QRGAi4I3H: HcinQ aap-sna 

' <:40Q> SEQUSWCZ : 2 . . 

^ ^r. Gia -^v- -re liet Tyr Cys.C/s Gin Leu 

Met T-i^r Val uaa tyr 3co Gla | .^0 

-20 '-^ 

, ^ ri. ^^sAaa Arq Gia Gin Aia Aan Leu Asn Ser 
Acq Ly3 Giy GLy Tr? Gin rt^s Aan -j , ^ 

-5 - . - 

r- f^, 3he \ia Aid Ai:i His Tyr Aatl The. Gia 
Thr Gia Gia Ttir li* '-y^ "'^^^ 

'LQ 

"'M T-n Ar-T Cys Thr Gin Cys Her, ?ca 
LU Lau Lys Ser lie As? A^a u.a T.? -/^ 

■ „ , Glv Gia ?he Gly Vil Aia Thr As.n 

p.ra Gia Vai Cy Xi^ A^a Vai Giy -y» ^-^ 53 

■ ... .He ... ^-^^ 

c.,;... s.c 1 o.. c.. 

75 

. .s/r.,. aKe G'a lie Thr V.l 9co Lau 3ac Gin Giy ?ro Ly^ 
Sac Cys T:n.r Laa 9ne w-u 
90 

w^a Ser C'/3 Acq Cys Mec 3ar 

= cc VaL Thr lia ?ha Aia A:,n H_s . 1, 

1.35 ^'-Q 

V. 1 --^^s 3a- :i* ^J-^ '^^'^ 

Cv. Lea Asa v.i Tyr Acq G.n Vai ri-^ 3a 
125 

... ..c .eu .c, CU. c,, 0U-, %l 

.1. ^1- fl.. iiri 

u • - r 1 i» CIV'S i^*? cys uau .-vi- -i—* e- 
Asn Tvr Trp Asn Aan H:.. i- C/^ at, / 

153 

Me. ..a .ar Ser Asp Ai. Giy A3. Aep Sec T.c A.. Giy .Ha Ki3 
.eo ii! cys Giy . ra A.n.Lys Glu Lau Aa. Gia Gia T.c Cys Gin Cy, 

n-- i-. ^ Se- Cvs Giy ?rc c^-i-a Cys Gia 
7^i Cvs Arc Ala Giy Lau Acq 3rc A.a Se- C/s y 

205 



... .so .an S« cy, Oin Cye V.1 Cye Ly. Oy. L.u ..e 

2-Q 

^ r-i , al^ Aan Glu ?he P^su Glu Asn Thr Cys Gin C/a 

Ser Gin Cya Gi/ A.id Asn ^-u ^ 

12S ^'^^ ■ ' 

CVS Ar^ Asn Gin ?rQ Cau A^sn 9ra Giy L/s 
Vai Cys L/s -^rq ^tir u/s . 

250 

Cy. .1. Cys Giu Cye .^r Giu Sec .co Gi. Ly. Cys .eu .a. Lys Giy 

- - c ^ ^ ^ . * 

... H.3 Hi, OL. Cy. S = c Cy, .yr Cye Xh.- 



Lya Lys ?na a-^ f^^^ - - - 

^, r.. ii^ rvs G'u ?ro Gi'/ ?Vie Ser Tyr Sec Glu Giu 
- Asn -AT- Gin r-ys Aii C/s i^-u , 
IQQ ''"^ 

1 o.n Se- Tvc Tc- Gin- AT? 9rc Gin rter: Sec 
Cyg Arq Cys Val Pra Se- T/c . 

:i3 



<2 LQ> StQ CD MO 3 

<2 1L> CZ^lCTH : *L't- 

<:2!.2> T'rS'S : ^^'^ 

<2 LJ>- OKGA1JX3M : Hcmo aaoians 

<2 2b> FtATUR£: ■ 

<22 1-> HAJlE/lC£*i : SITS 

:l2:^ aT^r^^FO^TICN: X.. equai. ^ny ^na .cid ' 
c22i> MArtE/KE'^: SITS 

■<2 2Q> rZATUR£; 
<2 2L^ NA^IE/Kiri : 3 ITS 

^2^^ Q?Sr nlroLilTICM :■ X:.^ «qu^is any ^nc acid 
.c4aQ> SEQUSllCS: 3 

o^o ... cys V.i Xaa' :Ca. :C« Acg Cys Ka. Giy Cys Cys Aan 
5 



SSQ ID MO 4 
L^t'lGT:-:: 
TY^^ : ONA 

OSCAi^lISM: Hctao saolans 
caOQ> SSQUtllCS: 1 

1-3 

<2 10> SSQ ID NO 3 

<2Ll> C^^iCTH: 19 . 

c2L2> t'S7Z: ONA " 

«2LJ> ORGAiiliH: Homo SdOiaria 

<4QQ> ScQUEl-tCZ: 5 



<:210> 5SQ ID MC a 

c:2Ll^ LZiJGTH : 21 

<2lZ> TVP£:-'DNA 

<.liZ> ORGAi-lISil Komo ^au-l=ri5 

<ilOQ> SSQUEUCS: 6 
ccjCiTiq.qt- ciqgiaiqac a 

<2!.0> 3SQ ^'0 7 

c:2U> LSNGTH: 19S 

<2J.2> ri?S: ?RT 

<2LJ> ORGANISM: Hamo saoians 



<2 IQ> 
<:2 Ll> 
<2 12> 
<:2L 
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««-. AT, Thr r..u XX. Cys Oeu Lea Ceu Lau cLy Cy. OLy Tyc C.u .M. 



His V^l L=u il. Clu OU GiU li* Cia V.l :ia Glu AT, 

Leu AT, Ser Gi., Cia Hi.^ Ser Ue Aira Ab? Leu aln Ar, Leu Leu 

ji '''^ 

Giu Asc sec 7.ei Ol'f See Ciu As? Sec Leu As? The Sec Leu Ar<j 

Hi.. =ir V.i Hi. Al. Ly, His 7al aiu Ly, Ac, Leu 
33 . 

Pro :ie AX, AX, Ly, AC, sec ri= ^lu Giu Aii'vei Jco Ai. Vei Cy, 



Lys The AX, The Val lie Xyc Giu tie -a AT, Sec Gi, Vei As? =c = 

LOO- -^^ 

The Sec Ai. A.« Sme Leu lie Tr? Sc^ 3r= Cy. ^ei Giu Vei Ly. A^, 
113 . 120. 1-5 

CVS Giv Cys Cys Asn The Sec Sec Vei Ly»- Cys Gin Sec Ar, 

vei H.s'«is .^r. Sec v.i Lys Vei A^e Lys Vei Gia Tyc Vei Ar, Lys- 
US ^ 130 ISS 

Lys. ?co Lys Leu Lys Giu Vei Gia Vei Leu Giu Giu His Leu Giu 

cys .Aie cys Aie The The Sec Leu Asn -=c« A»= Tyc .Ac, Giu GLu A.O 

TiiiT AtS? VaI Axq 
195 



<:2LQ> StQ ID NO 3 
<2Ll> CZllCTH: 24 1 

<:2LJ> O^GACilSM: Kama adpians 

f^.e. 'p.^n xrg C/s Trp u.au 9he L^u S«r Ceu Cy. C/^ tyr ueu 

5 LQ ■ 



L 



Leu vei sec Ai. Giu Giy Asp Ue Pc= Giu Giu Leu T-yc Giu «e-- 

Lau Sec .^sq H.. 5ec lie Xr^ Sar ^? Asp L«a OU Ara Lau Lau 

H^3 i^a ?co V Giu Giu X5= Giir P^^ Giu Cau A^o Leu .^sn Mer 

5Q ■ . ' 53 ■ 

T^r .^c Ser H^. Sec G-y Gly Giu Lau Giu Sec Lau Xl^ Arg Giy Ar^ 

S5 '70 . 

.^a Ser Lau Gl. Sec Leu thr II. Al. Giu Pra Ai.. Kac IJ.. Ai^ Giu 

Cv, Lys Thr Ar. Thr Giu V^l Giu li^ 3ar Arq -^.-q ^.au lie Aan 

lOQ '■'^^ " 

Ara Thr Asn Ai^ Asn ?ha Lau 7al Trn ?ca Pra Cya^ Vai Giu ^^i Gia 



AC, CVS sec Giy CVS Cy.s A3n Asn Ac7 Asn Vei Gin Cys Ac, Sr. The 

G.n vel Gin Leu .Ac, ?ca Vel Gin v^i Ac, Lys lie Giu Ue Vei Ac, 
145 130 ■ -53 
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Lvs :-v3 ?r2 Ila ?hs Lya Ly: 



Lys Aii riir '/ai. TJir Ceu GIu Hla Cau 



170 T.7S 



AW cv^ Lv^s CVS Cilu Thr Vai .^d Aii Ai^--^- Vdi Thr Ar? Ser 

- - .30 ^-'^ 

D^o GI'^ dlv Sar Gin Glu Gin hX^ L/a TMr 9ra Gin Thr Axq, Voii 

-r-ir ATi: Thr Vdi Arg 7ai Arq -^a ?cti ?ra Lya Giy Lya Sis .\r- 

Cyg =ha Lys Hl3 Thr H-^a Asp Cys Thr Aia Leu' Lys Gia Tiir Leu Giy 

7-5 ' '2:0 ^^'^ 



<2i,Q> SiQ ID'nC 9 
" <:: U > . LIMGTH : :j2 . ' 

<;2 12> TY3£ ; ?H.T 
<2 1j> ORGANISM: Homo s-spiana 

<4a0> 3ZQUEMCZ: 9 .. .. 

Mei: .Asn 9h^ Lau Leu 3er Tr? Vai His Trp 3er Leu Aia Lau Lau Lau. 
L 5 . la . 1.5 

-^vc L-u H^s A'i Lys TC3 SeC Gin A-La Aia ?ro rten Aii Giu Giy 

Giy Giy Gin Asn Hia * Giu Vai 7ai Lya 9tia rtat: Aap Vai Tyr Gin 



3S 
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Arg Sar Tyc Cya His Pro" Tie Giu Thr Lau V^^i As? lia Gia Giu 



3 0 



55 ■ '50 



TV- P-o Asa Giu lie Giu Tyr lia ?hs Lys ?co Ser Cys V^i 9ra Lau 

S5 *. . . ■ ■ . 

Met Arq CVS Giv Giv Cva Cya Asa'ASQ.Giu Giy Lau GLa Cys Va i □ro 
'35 ' 90 95 

Thr G'a Giu Sac Aan'lia Thr Wee Gi.i li* Mail Arg lis Lys Sro Kis 
LQQ 1.35 

Gin Giv Gin His tie Giv Giu Met: Ser Pha Lau Gin His. .Asn Lys Cy3 

G5u Cys .\r=r Lvs Lvs Asd Arq Aia Arq Gin Giu Lys Lys Sar VaL 

' LJO - ' ■ ' ' US ^-^^ 

A-q G'y Lys' Giv Lya Giv Gin Lys Arq Lys Arg Lys Lys 3ar Ar^ Tyr 
^45 * -130 ^33 UO 

Lvs Sfi- Tro S^r 7ai Tyr Vai Giy Aia Arq Cys Cys Lau Max o^z Tr? 

Sac- Lau ?co Giy ? ro Kis ?ro Cys Giy Pro Cys Sar Giu Arq Arq Lys 

. 190 i35 i9Q 

H's Lau ?h- Vii Gin Aaa 9rc Gin Ttir Cys Lya Cys S^rCys Lys Asn 
1.95 . 2QQ -"^^ 

Thr ASQ 3ar Arq Cvs Lvs Aia Arq Gin Lau Giu . Lys Aan Giu Arq Thr 
llh ■ ' 2L3 _ 2-0 

Cys Ara Cys Aap Lys 9ra Arq Ar.q 

. ■ 2:0 . 



Wha[ IS claimed ls; A recocnbinanL vector comprmag the polynacleotide oc. 

'L i^-a isolated aolvaucleotide oacoding a mature Qoriioa claim 2. 

of a protein cocisisuag -QfSEQ [D N0:2. ■ 5. A recombiaaac vector comprmng the polynuclcQLide of 

2. Tae isolated poLynucLeodde of cliim I encoding a claim 2 operauvcLy associated wuh a reg^alacory sequence 
pro'protcin portioo of a aroLein consisting ot S£Q ID N0:2. ^5 that controls gene cxprcssioa. 

3. The aolvaucleotide occliim 2 ftistid to a pQlyniicieocidc 6. A genetics lly c^ngioeercd hose cell compnsmg the 
which dncodes a heteroLogoos pol/peptide.' polyuucleocide of claim Z: ' ' _ 
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7 A ^enedcallv eagmesred host csll compnsing the 
polvnaclcotidc of' claim 2 oocrmvely issoaaied w^ta a 
beicrologous regulatory sequ«c= thai controls g^ac «xpr=s- 

^'T A tncthod for produciag a pQlype?ud.;.-com- 

pnsins: - , ■ 

(a) cuUunng ibc geQctkiUy engiae:r.:d host c.ll or c aim 
7 uQder cTooduioas suitable to producs the polypeptiae. 
aad 

(b^ re--ovcrlna the polypeptide Eroai the csU culture. 
9. The polyaucleodde of claun 2 tiscd to a heierologous 

'°S,""^l:i°oolvnucl=ottde of clatm 1 Eused to a polynucle- 
otide which encodes a heterologous polypeptiae. 

U. A recomblnact vector compnsm-j the poiyaucleotiQe 

■°^r^?,-=coaabiiianl vector' cotuprising the polynucleotide 
ofcTaiin I operatively associated '^th i regulatory sequence 
. that- CQQlrois geoc cxprcssioa. . . 

13. A geoeticaUy engineered host ceU comprising the 
polvnucieoiide of claim 1. ,h. 

14 A creneticaUy engineered host ceU comprising the 
pclvnucleotide of claim-l operatively associated with a 
heterologou-s regulatory sequence that controls gene e.tpres- 

''Ti. A method for producing a polypeptide, 

(aVcuUunag che ^eacticaLly eagine^ired host c=U ot cLaLOi 
1^ under conditioo^ suiiabLe lq producs the polypcu- 
Udc; and 

fb) recovering che poWDeudde trorn ttie c=ll,cuicure. 
16. The polyaacLcQudc ofciaim 1 biscd co a heteroiogous 
- polvGuclcoudc. 

■ r7 ^ isolaLed.polvnacleoiide wtnch encodes a polypcp- _ 
Ude comonsmg ammo acids 61-74 of SEQ ID MO:Z. , 

la. The liolaLcd polyaticlcotide oc claim 17. vvherem ihe ; 
polYpepude comprises 'ammo acids L-326 of SEQ [D i^0:2.. 

19 The □olvnucleoiide of claim 18 fused to a poLyauclc- 
Qtide which encodes a heterologous polypeptide. 

20. A recombinant vector comprising the polynucleotide 

of claim IS. ." 

n > recombmant vector cQmpr:5iQg the polynucleotide 
of claim la operacively associaud wuh a regulatory 
sequence that controls geae expression. 

22. A geneucally engineered host cell comprismg the 
poWnucleocide of claim i3. . • u 

23 A acneucaUv engineered hosf cell coraprismg the 
poWnucleotidc of claim 13 operatively associated wuh a 
heterologous reguUcory sequence that controls gene expres- 

^'°24. A mechod for producing a V-EGF-2 polypeptide, 
comprising: " ? i • 

(a) cuUurmg the geneucally engmeered host ceil of claim 
23 under conditions suitable to produce the polypep- 
tide ; and 

■ (b) recovermg the polv-oeptide from the c-Ll culture. 

25. The polyQucleoude of claim iS fused to a heterolo- 
cTQus polynucleotide. ^- ^ 

26. The Lsolaied polyaucieotide of claim 17, '^'^'^^^'^ '''^ 
polypepiidc comprises ammo acids -24-326 of SEQ ID 
NO" 

27"" The polvnuclcoude of claim 26 fused to a polynucle- 
- oude which encodes a heterologous pclypepude. 

IS. A recombmant vector comprising the polynucleotide 

of claim 26. , ' , 1 

^9 A recombinant vector comprising the polynucleouae 
of 'claim 26 operaiively associated -with a regulatorv 
sequcact: thai controls gene exprsssioa. 
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30. A seneticaily engineered host cell comprising the- 
polynucleotide of claim 26. 

31. A genetically engineered host cell comprising the 
pob/nucleotide of claim 26 opcradvcly associated wuh a 
heterologous regulatory sequence thai controls gene e\-pres- 
sioa. 

32. A method for producing a VEGF-2 polypeptiae, 
comprising: 

(a) cultudng the geaeticaily engineered host cell of claim 
31 under conditions suitable to produce che polypcp- , 
tide; and 

(b) recQvermg the polypeptide from the cell culmre. 

33. Toe polyQucieotide of claim 26 fused to a heterolo- 
gous polyaucieotide. 

34. Tnc pobmucleotide of claim 17 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

35. A- cecombinanc vector composing the polynucleodde . 
of claim 17.. 

36. A recombinanc vector comprising, the polynucleotide 
of claim 17 operatively associated with .a regulatory 
scaucace that coacrols gene expression. 

37. A genetically engineered host ceil comprising the 
oolvnucleotide of claim 17. 

3S. A q:eneticaliy engineered host cell comprsing the 
polynucleotide of claim' 17 operatively associated wuh a 
heterologous regulatory sequence that controls geae expres- 
sion. 

39. A method for producing a VEGF-Z polypeptide, 
comprising: 

(.a) culmring the genetically engineered host cell of claim 
38 under cond'itions suitable to produce the polypep- 
tide; and 

' (b) recovering the polypeptide from the cell culture. 

40. Tne polynucleotide of claim 17 fused to 3 heierolo- 
gous polyaucieotide. 

41. Ail isolated polynucleotide which hybridizes^ to a 
polvnucleotide consisting of a nucleotide sequence of SEQ - 
ID NO: 1 or the complement of SEQ CD NO: 1 under the 
followmg conditions:" hvbridlzatiOQ in O.iM NaPO,. 1% 
sodium dodecyl sulfate (SDS) at 65^ C. and washing wuh 
O.ixSSC. QA% SDS at 60'' C. . 

42. The isolated polynucleotide of claim 41, wherein the 
polynucleotide is DNA. 

43. Tne isolated polynucleotide of claiin 41. wherein the 
polvnucle Qtide is RNA. 

■ 44. The polynucleotide of claim 41 fused to a polynucle- 
ctide which encodes a heterologous polypeptide. 

■45. A recombinant vector comprising the polynucleotide 
of claim 41. . 

46 A recombuiaat vector comprising the poL-ynucleotiae 
of claim 41 operatively associated with a regulatory 
sequence thai controls gene e:<pressiQQ. 

47. A geaeticaUy engineered host cell comprisuig the 
colvaucleotidc of claim 41. - • u 

48 creneticallv engineered host cell comprising Ihe 
polvnucleotide of claim 41 operatively associated wuh a 
heterologous re-gulatory sequence Lhai controls gene e:cpres- 

""49. The polynucleotide of claim 41 fused to a heterolo- 
gous QQlvnucleotide. 

50. ' An isolated polynucleotide which hybridizes to the 
cDNA contained in AICC Deposit No. 75963 under the 
following condiiions: hybridization in 0.5M NaPO,, 7% 
sodium dodecyl sulfate (SDS) at 65'' .C. and washing with 
O.ixSSC, 0.1% SDS at 60^ G. 

51. Tne isolairid polyaucieotide of claim 50. whereia the 
polynucleotide is DKA.. ^ 
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52. Toe isoliLed polyaacitiQiidt: of claim 50, wherem Lhc 
polvnacleoude ls RNA.. ■ . 

53. The poLvnucleoddc of claim 50 cuscd lo a poLyaucle- 
Qtide ^vhich oncode^ a aeiera logons polypeptide. 

54. A recomb inane vector compnsiDg Oic polyQUcieoudc 

of claim 50. . ^ , - .-^ 

A recombinaai vecLor comprising the polynucleotide 
of 'claim 50 operative ly associated wuh a regulatory 
seauenc:: that controls g'^ne e:cpression. 

56. A geneticaUy engineered hosi csQ comprising the 
poWnucleoude of claim 50. ■ ■ - u 

57 - a acnedcaUv- engineered host ceU comprising the 
oolvnucleoude .oc claim 50 operatively assoaated .vich a 
heterologous regulatory sequence thaccoatrois gene e;cpres- 

^'"'sS. A method for producmg a VECF-l polypeptide, 
compnsing: 

(a) cuimring the geacucaily engineered host ceLloi.ciaim 
57 onder conditions suaabLe to produce the polypep- 
tide; and 

(b) recovering the polyireptide from the cea, culture. 

59. Tne polynucleotide of claim 50 fused to a heterolo- 
gous' uolvnuclcotide. 

" 60/ A method for producing a VEGF-: polypeptide, 
comprising: 

■ (a) cuUuring a eeneticallv engineered host cell compnsing 
an isolated mammalian RiMAor cD^fA which hybrid- 
Lzes to a polynucleotide consisting of a nucleic 
sequence or the complementof S£Q ID KQ:1 "under the 
foUowmg conditions; bvbridization m OoNf.MaPO^ 7% 
sodium dodecyi sulfate (5DS) at 65\C. and washmg 
" %yuh Q\5-aSSC 0.1% SOS at 60^ C uadcr conditions 

suitable to produce the polypeptide; and 
(b) recovering the poh/peptide from the cell culture. 

61. An isolated polynucleotide compasmg a polynucle- 
otide that encodes a polypeptide fragment ofSEQ ID ^Q:2. 
wherein said polypeptide fragment has aagiogeaic activity. 

62. Tne polynucleotide of clauxi 61 fused to a hcierolo- 
i-TQus poWnucleoude. 

^ 63. The polynucleotide of claim 61 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

64. A recombinant vector comprising the polynucleotide 
of claim 61. 

65 A recombinaat vector comprising the polynucleotide 
of claim 61 operatively associated v-vuh a regulatory 
sequence that controls gene expression. 

66. A geneiically engineered host cell comprising the 
polynucleotide of claim 61. 

67. A sreneiically engineered host cell comprising the 
polvnuulcoiide of claim 61 operatively as.sociated wuh a 
heterologous regulatory sequence that controls geoe exprcs- 
■sion. 

68. A method for producing a VEGF-I polypepude, 
comprising: 

(■a) cultunng the geaeticaily engineered host ceU of claim 
67 under conditions suitable to produce the. polypep- 

■ (b) recovcrmg the polypeptide from the cell culture. 

6y. Aj^ isolated polvnucieotide comprising a polynucle- 
otide that encodes a oolvneotide fragment encoded by. the 
cDNA contained -n AJCC Deposit No. 7596S, wherem said 
friiimeni has angiogenic activity. 

70. Tne polyuucleotide of claim 69 fused to a heterolo- 
crous oolvnucleotide. 

^ 71. The polynucleotide of claim 69 fused to i polynucle- 
otide which encodes a heterologous polypeptide. 
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72. A recombinant vector comprising the polynucleotide 
of claim 69. 

73. A recombinaat vector comprising the polynucleotide 
of claim 69 operatively associated with a regulatory 
sequence that controls gene expression. 

74. A genetically engineered host cell comprising the 
polvQUcleocide of' claim 69. 

75. A genetically engineered hose cell comprising tbe 
polynucleotide of claim 69 operatively associated vyith a 
heterologous regulatory sequence that controls gene expres- 
sion. 

76. A ' method for producing a VEGF-2 polypeptide, 
comprising: 

(a) culcuring the genetically enguieered host cell of claim 
75 under conditions suitable to produce the polypep- 
dde; and 

(b) recovering the polypeptide from the csQ culture. 

77. .An isolated polynucleotide compr^iing a polynucle- 
.otide that encodes a polypeptide fragment of SEQ' ID KO:Z, 
wherein said pclypcpiide fragment has endothcliarceli pro- 
liferative activity. 

7S. The polynucleotide of claim 77 fused to a heterolo- 
gous polynucleotide. 

79. The polynucleotide of claim 77 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

30. A. recombinant vector comprising the polynucieodde 
of claim 77. 

31. A recombinant vector comprising the polynucleotide 
of claim 77 operatively associated with a regulatory- 
sequence that controls gene expression. 

32. A genetically engineered host cell comprising the 
polyTiucLeotidc of claim 77. 

83. A genetically engineered host ceil comprising the 
■ polynucleotide of claim 77 operadvely associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

34. A method for producing a VEGr-2 polypeptide, 
comprising: . « " . 

(a) cultunng the geaeticaily engineered host cell of claim 
S3 under conditions suitable to produce the polypep- 
tide; and 

(b) recovering the polypeptide from the cell culture. 

35. An isolated polynucleotide comprising a polynucle- 
otide that encodes a polypeptide fragment encoded by the 
cDN A contained in aTCC Deposit iVo. 75963, wherem said 
fragment has endothelial ceU proUferauve activity. 

36. The uolyaucleotidc of claim 35 fused to a heterolo- 
gous oolvnucleotide. 

' S7."Thc polyaucleotide of claim 35 fused to. a polynucle- 
otide which encodes a heterologous polypeptide. 

33. A recombinant vector comprising the polynucleotide 
of claim 35. 

39. A recombmant vector comprising the poiynuclcutiuc 
of claim S3 operatively associated with a regulatory 
. sequence that controls gene expression. 

90. .A genetically engineered- host cell comprising the 
polynucleotide of claim 35. 

91. A. genetically engineered host cell comprising the 
polynucleotide of claim 35 operatively associated with a 
heterologous reg^i'.atory sequence that controls gene expre^- 
sion. _ 



60 



65 



5,935.-820 



10 



31 

91. A method for producing a VEGF-1 polyoepudc, 

91 under c.Qdilioas suitable lo product cUe polyvep- 
tide; and 

(b) recoverme th= polypepude Cfom tbe c.ll ^'^l^^" 
93 ^ isQlaced polvnuckotide encoding a marure pomoQ 
of a'oroiem encoded by che cDNA coatamed m .^CC 

"T'^^°oJlvnfcleoude of claun 93 fused .o a he.erolo- 

^^r^otnltoude of cU.n: 93 a.ed :o a poWaucle- 
QUd;'«^hich encodes a heterologous pclypepude. 

96. A recombinant vector comprising the polynucleotide ^ 

°^9?t recombuiant vector comprising the polyoucieotide 
of claim 93 operatively associated yith a regulatory 
^eaueccs that controis gene expression. 

98. A genetically engineered host ceU compr.sing the ^ 
Dolynuclcotidc of claim 93. . . 

^ 99 A genetically engineered- host ceU comprising the 
po vnucleotide of claim 93 operatively associated wita a 
heterologous regulatory sequence^hat controls gene expres- 

• '""lOO. A. method for producing a VEGF-2 polypeptide, " 
.comprising: ; . 

(a) cultunng the genetically engineered host cell of claim 
99 under conditions suitable to proauce the polypep- 

(b) recoverine the polypeptide from the ceU culture, 
ioi Ail isolated polynucleotide encodmg a proproteia 

portion of a protein ecicoded by the cDMA contained in 
ATrC Decosit Mo. 75963. 

lO^. The polynucleotide of claim 101 fused to a heter- 

" 10^ fhe'polvnucleotide of claim lOl fused to a poly- 
nucleotide which encodes a heterologous polypeptide. 
104, A recombinant vector comprising the polynucleotiae 

of claim 101. 



Lt)5 A rd'-ombiaanL vicioi: cocQurisin? the polynuckodde 
of claiai 101 operativejy associated wuh a regulator/ 
scaucncs chat conu-ols gene ^xprcssioa. 

106. A aenadcally eagiaeersd base csil cocnprisiQ^ the 
polyuucieoLide oc claim 101. 

107. A- geaedcaHy engineered host cell CGtnpdsing the 
polvuucieolide of ciaim 101 operiiLively associated 'vitb a 
heterologous regulatory sequence that conuroU gene expres- 
sion. 

108. A method ^or producing a VEGF-I polypeptide, 
comprising: 

(a") Cdicuring che geneticilly saginesred host c=ll ot ciaim 
'l07 under conditions suitable to produce the polypep- 
dde; and 

(b) recoverxng the polypepude ^rom the c=U cviinire. 
IQQ isolated aoLvauclcotide encoding a protcia 

encoded' by the cDiVX contained in .<rCC Deposit iMo. 

^^Iio'-Tae poLynucieotide of claim 109' eused to a hetcr- 
oloeous Qolvnucleotide. „ ^ . 

Ul The 'polynucleotide of claim 109 eusea to a poiy- 
. nucleotide which encodes a heterologous polypeptide. 

112. A recombmant vector composing the poLyuucieotide 

of claim 109. ■ ■ ■ , i 

U3 A recombinant v^ector compnsmg the polynucleotide 
; of claim 109 operatively associated ^th a regulatory 
sequence that controls gene expression. 

114. A genetically enginesred host'. ceU-compnsing the 
polvnucleotidc of claim 109. • • ^ 

11^ A creneticaily eagineered host cell compasmg the 
, polvaucleo'ide of ciaim 109 operacivcly associated wuh a 
heterologous regulatory sequeace that controU geae expres- 

^^°U6. A method for producing a .VHGF-2 polypepude. 
comprising: c i • 

(a) culcunng the genetically engineered host cell of claim 
U5 under conditions suitable to produce the polypep- 
tide; and 

(b) recovermg the polypeptide from the ceil culture- 
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■ Vascular Endotiielial Grovrti FacTior 2 

THis' --venzian rslatas 'to aevly identified 
colvnucleo.ides, , po Lypep.ides " encoded .by such 
;o -'.nucleotides, che ■ use of such polynucleotides and 
"col^^eatides, as well as the produce-ion of sucn 
'oolvnu'cleo.ides and polypepnides . More particularly, . the 
oory^eo.ida of the present invention is a h-^^an vascular 
Indotheiial growth ' factor 2 (^y-GF2). • The invention also 
^^iar=s to inhibiting the, action of such polypeptide. 

'-The fonuacion of new-blood vessels, or anciocene^is , xs 
■^s-ntxal for embryoaic development, subsequent gro'-.h„ and 
c'ssu» reoair. -Angiogenes is is an essential part or tne 
a-owe-h of' human solid cancer, and abnormal angiogenesis xs 
2"ocia-e^ with other diseases such as rhe^omatord arrhri^-i.^, 
osI-^IsL, and diabetic retinopathy . .(?oltanan, J. and 
;-iacsbrun, m'. , Science 233 : 442-447 ,( 1937)). 

S,eva-aT factors are involved in angiogenesis . Both 
^.^d^c and basic fibroblast growth factor molecules that are 



...ogens rcr endothelial 'cells and other cell types 



.^.^.c--otin and angiogenin can induce angiogenesis , 
;;;:ir functions are unclear . (Fol^an, . , 1993 Cancer 
...ed^cine do. 133-170 ,/ Lea and Febiger Press). A hxg.-y 
selective mitogen for vascular endothelial cells^^is 
endothelial grow-h factor or viGF (Fii^^-a, U - , et ■= ■ 
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,.av. 12:L9-32, (19.92)). Vescul.r enc.ne- - cr- 
a secre^_.d angiccer.ic m^.ccen vhcse -.arcec cell 

.ost-^^cred to vascular enccthelxai 

soecifici-Y appears co ue . -s . 

■.,,3 -a murine VZGF gene has been cnarac.er.zea anc ... 
e;:;;es3.;n partem .n en^ryogenes.s has .een anai.^c. . ■ 
e:c.r3S.s.cn of VZGF was cnservec .a eo-nelxai 
:r:;;.cen: .o..enes.ra.ed endo..eI.u., e.g., .n cnoro.. 
;:;;:s-a;c .n .l-eruH. data was -ns.s.en. ...n 

r;ole of VZGF as a .ul..f unc.ional regulator or -co .exxa. 

crov-.h and dlf f erenciarion . Bre.er, G. a_ . 

Develocmenc, 114 :321-332 .( 1992 ). 

•v^C- can oQomc^_e angiogenes is . ' V^GF snares sequ-n-_. 
- . .o^I^'w-w ■aJ.an olatele.-der.ved grow., factor, .DGF. ana 
acmo ogyw n ^ ,306-1309, (1939)). The 

30GrS ( Leung, d . w . , -ir-w^ 

„.nec--iv= -.issue, -is ...g^-.ly -P'""= 

;.ov.. t.cro.. 1= is a h.p.ri.-=ir.din= di,-n=r..= uolyp.p.^-^- 

ha. four di=i».-,r.-. fo^s oi iU, 165. 1 = ' 2»« 
...... Tcld: due CO .l.«.n.=.v, s,li=i=,. v.a.i:i ... S 

soludl. ..d ar. =.?»1.1.. of »romo.i..g .a,ioge„es., 
■ vt=F135 ...d .v^crzoa, are boun.d .o heoar.n ==— 

/.,;-oalv=ans in call surface. XHa ce.ooral ar.d sca-.e 

•;^;as:i;n =f v.=T >as deed oorrel.ded wl.« ."y'-^^^-^ 
— id, o» cne blood vessel.- (Gajdusak, CM.., and 

r:';" s / - ci.i .^vsioi., 13^:5,0-5,9, .i.s,,,,- m^-.i, 

^-an-s,.:, .i^^o,,. i-.. affi^i--, bi.,d..,c 

-l^cauce. onlv on endothelial calls in .issue sections 
,.a.a.an, L.5., ed al . , Clin. Invasd. =9..2.,-2 = 3, ,1S39,,. 
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f=c^or can be isolated frcm oicuicary ceiia and several 
- c-1 lines, and has been inip ilea-. ed in some nuiuan 
:r:::a3 <Pia.e; .-.H. ...u.e 3S.:a..-B.S, (I.e.)). 
!;. = .es..nciy, expressio. of ^/ZG^lZl or VZGF1S3 confers on 
C^ine- hans-.er ovary cells -.he ability to form -.uiuors ^n 
.uce m.ce (Ferrara, N . , ' et al . , J. Clxn. Invest. c,:i50-L70,. 
pgo.)) Finally, ^he inixibiticn cf VSG? func^-ion by an.x- 
.^G- ntoncclonal an-.ibodies wa. showr. to - inhibit tuiuor crcwrn 
J. '.rnmune-cef^-clen. mice (Kxz., K.J., Na^-ura 3,52:341-844, 

"''''vlscular cermeability factor, also ^nown as VZGF, has 
,.3, .een- found to be responsible • for pers.s.en. 
.Icrovascular hyperpermeab.lity to plasma pro.eins even a..e. . 

cessa..on of injury, which is a characteristic rea^.re =. 
oo^al wound hea-nc; Th.s suggests that VPF.(or V.GF) xs an 
• .moor-.anc factor in wound healxng. Erowr.,. L.F. ec a-.,_ J- 
M-d., 176:1373-9 (1992). 

U S Patent No. 5 , 0.73,492, issued December 17, 1991 uO 
C.e. aI.,..ci..= lo.e..s a me.thod for sy..ercis--i=ally. en^anc.ng • 
ercothelial cell grov,-.h in an appropriate environmen". w..xcn 
comorises add.ng to the .nvironmen., 
"■ -er'um-derived factor. Also, vascular endothelxal cell g.ow-.n • 
■ --.co^ C sub-unxt DNA has been prepared by pa lymerase cnaxn 
cea^tlon techniques. ' The DMA encodes a protein that may 
.-.s^ as etcher a heterodimer . or homodimer . The crcrexn xs 
rmanumalian vascular endothelial cell mitogen- and, as sucn . 
is 'useful for the promotion of vascular development and 
reo.air, as disclosed in European Paten-. Application No. 

30^750 . 2 , published September 30, 1992. 
" in accordance. with one aaoecr of the present invention 
■cnere is prov.aed a novel manure, polvpeptide which is a_VEG. 
=s well as fragmenns, analogs and derivatives thereo. . T.- 
of the oresant invention xs of human orxgxn. , 
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Tn. acccrda.-ce w^-h ar.aclisr asoec" cf "hs present 
Lnvsnc^oa, tiier-2 ^rs provided caiyr.ucieo-ides (DMA or 
waich encode such pclvpeptiidss . 

in acccrdancs wi-b. s^ill ancther aspec- of the present 
inve.-^ioa, there is provided e pracess for producing such 
ociy^epuide by recombinant techniques .- 

^'rn a;ccardi--cs with yet a. further aspecu cf the present 
•inven-ioa, ^ there is provided a process for u-iiizing such 
paT/-e"^i.de, or oclynucieotide encoding such ooiv-peptide , for 
rne^aoeu-lc ourTDOses, f or- ezcaiapia , as a wound-heaiing agent, , 
CO p-omote growth of damaged bone and tissue and promote 
erdo-.neiiai-ization-as veil as for diagnosis of fumcrs , cancer 
^.herapy and.- to iden-ify and isolate . unicnown- recep^G.3 or 

la accordance winh . yet another aspect of the present 
..Lnver.nion, there is provided an annibody .against the vi.G..2, 
and a orocsss for producing such annibody . 

Tn accordance with, yet another aspect of the present 
rnvercion, there are provided^ antagonist/inhibitors to ^/EGr2, 
"wnich may.be used ^o inhibit the action of such polypepnide, 
Tor- e:-:a.T.Die, to prevent numor angioganssis . 

These and other aspects of the present invention should 
be apparent , to those sVilied in the art from, the teachings' 
herein. 

The following drawings are illustrative of embodiments 
of tne .invention and are not meant to -limit the scope. of the 
invention as encompassed by the claims. 

rig. 1 depicts the polynucleotide sequence which encodes 
re- V-EGFZ, and the corresponding deduced eiuino acid sequence 
of Che full length VEGr2 pa lype? tide comprising O 3 Q " amino 
acid residues of which approximately the first 24 amino acids 
reoresent the leader .sequence. The standard three-lenner 
abbreviation has been used to depict the am.ino acid sequence. 

Fig. 2 shows Che homology between g-owrth factor FOGTa., 
PDGFjS, '•'/EGF and ViGF2 at the amino acid level. 



-4- 
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Trie'. 2 showz, in Tiabis-f arm, ^he percan- homoiac^/ 
cecweer.'?DC-rc, ?DG?.S , VSC-r and V-C-F2 . 

Fic. 4 shows the. eras encs af mPJAK far Ve:Gr2 in breast 

camor csll lines. 

Fic. 5 depicts the results cf a Nar-hern blot analysis 
cf VZGi 2 in human adult tissues . 

Fig.' S shows the results cf running VEGF2 and SDS-PAGZ 
ceL after in vitro uranscriptionZ-rans lation . The full 
length and' car-ial VSGF2 .cONA were transcribed and translated 
'^l cauoled reac-icn in the presence of «S-methionine . The 
cranslated products were anaivted by 4-20% gradient SDS PAGE 
and e:-roosed- .uo X-ray film- 

■■ la accordance with one aspect or the present invention,, 
chere'is provided an isolated nucleic acid ( po iynucleotide ) . 
which encodes for the mature. polypeptide having the -deduced 
amino acid secuencs of Figi^re L or for ^he mature poiv-peptide 
'encoded by the cDNA of the clone deposited as ATCC Deposit 



HQ . on 



A polynucleotide encoding a polypeptide of the presen- . 
invencion may be obtained from early stage h-jman embryo .(weefc., 
a uo 9) Qsteoclasriamas, adult heart or several breast cancer 
ceil lines. The polynucleotide ,,af this invention - was 
discovered in a cDNA library derived from early stage human 
enu^ryo weeic- 9 It is struc-urally related to . the V-EGF/PDGF 
family. Ic connains an open reading frame encoding a pro-ein 
of about 3 30 amino acid residues of which approximately the 
first 24 amifio acid residues are li>ely to be leader sequence 
sucn that the mature protein comprises 326 amino acids, and 
wnich orotein exhibits the highest homology no vascular 
endochelial grc^h factor (-30% identity), followed, by PDGFa 
(23%) and PDGF^ (22%), (see Fig'are 3). It is particularly 
important that all eight cysteines 'are conserved within all 
foLr me.mbers of the family (see boxed areas of Fig-ure 2") . In 
acdition, the sigr.ature for the FDGFA-FGF family, 
FX— nCOlF-CXGCOI, is . conserved in VFGF2 (see Figure 2). The 
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■acmcloc^/ be^-ween VZC-Tl, ^ZG- ^r.d ^-he ^.o ?DG7s in ar. ...p.e 
prousin 5equ-ncs Lsvsi . No nacleouide saqusnca homoLoc:/ cs-" 
fce d2t=c-2d, and caersfars, wouid be difficult cc iaaiats . 
Che through simols approsches such as law stringeacy 

hybridisatian . 

Th.e palvnuciaotide of the present invsr.-ior. may be in 
ch^ form- cf P-MA .or in -he forTti of DNA, which DMA includes 
cOKa' cenomic DNA, and synthetic DNA. The QNA ruay be dooble- 
s branded cr s-ingie-scranded, and ii single stranded may be 
the .coding s-rand or nan-codinc (anti-sense) strand. The 
coding sequence which encodes the mature polypeptide may be 
Ldenuical to the coding sequence shown ia Figure 1 or, that or 
the" deoQsited clone' or may be .a ' .different coding .sequence ' 
which coding sequence, as a result of the . redundancy or. 
degeneracy cf the genetic code, encodes the same, mature 
polypeptide as the DNA of Figure I or the deposiced cDKA. _ 
■' '"The polynucleotide which encodes . for . the 'mature 
.oolv-^eptide of Figure l.dr for the mature oolv-peptide encoded 
bv the" deoQsited cDNA may include: only the coding, sequence 
for cne mature polypep-ide; the coding sequence for the 
mature polypeptide and additional coding sequence such as a 
leader 'of 'sec'retory sequence or a proprotsin sequence; the 
coding sequence for the macure polypeptide (and optionally 
additional coding sequence) and non-coding sequence, such as 
Ir^zrccs or non-coding sequence 5' and/or 3' of the coding 
sequence for the matu-e po Iv-peptide . 

Thus, the term "polynucleotide encoding a , po lypeptide " 
encomoasses a polynucleotide which includes only coding 
seauence for the polypeptide as well as a polynucleotide 
which -includes additional coding and/or non-coding sequence: 

The present invention further relates to variants of the ■ 
hereinabol-e described po lynucleo- ides which encode for 
^, analogs and derivanivas of the polypep-ide having 

" the deduced amino acid sequence of Fig^are i or the 
polv-peptide encoded by the cDNA of the deposiced' clone/ The 
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variant cf the pc iyr.uciectide m^v be a r.^tur^liv cc=urri.-c 
ailslic v£-l2.nTi of the pciy~ucisa- ids cr a ncn.-na--u^ iv 
ccc^^rrinc variant cf tha galynacisctids-. ■ 

Thus, the present inven-icn includes paiyr.ucisatides- 
encad..ng the same mazure polypeptide as shown in FLgure 1 ar' 
Che saine mature polypeptide encoded by the cDNA of the 
depcsx-ed clone as well as • variants ■ of- such palynucleozides 
whi--n variants encode . for an fragment , derivative or analog 
ere ool'-r^eocide of Figure 1 or the polypeptide encoded by 
Che cDNA or the depo s ited ' clone . Such aucleatide variants 
include deletion variants,, substitution variants and adcitxoci 
or insertion ■ variants . 

As her^inabcvs indicated, the paiynuclsotide may have a 

■ coding sequence which is a naturally occurring ^l-^^^^^^' 
va-iant of tne coding sequence shown in Figure 1 or of the 
cod-c'secuencs cf the deposi-.ed clone. ?.3 known in the art, 
ar ailslic variant is an alternate -.fonn of a polynucleotide 
seauance which have a -substitution, deletion , or ■ addition of - 
one or more nucleotides', which does not substantially alter 
the function of the encoded polypeptide. 

The present invention also includes polynucleotides, 

■ ;^tia-ein the coding sequence for the mature polypeptide may be 

fused' in the -same reading frame to a polynucleotide which 

aids in e:cpressian and secretion of a polypeptide from a host 

cell, far "e:--am?le, a leader sequence which functions as a 

secretorv sequence for controlling transport of a polv-peptids 

from the' ceil. The po lypeptide 'having a leader sequence is 

a oreorotein and may have the leader sequence cleaved by che 

r.os- call to form the mature form of the po l],-peptide . The 

oa-lvnucleotides may also encode for a proprotein which is the 

macure orotein plus additional 3 ' ' amino acid residues. A 

mature protein having a prosequence is a proprotein and is' an 

■ " - „ ^- -n= c-^o-^^r Once the orosequancs is 

:^riaotive rorm o_ '-ne u^-q 1- • — 

cleaved an active mature protein remains. 
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-rv-us, for ex^ttple, the pa Lynuc lac^ids of the pressn.-. 
invention may encode far e m^cure protein, or for e protean 
, — cacu-nc" a- far a q.ra-sin ha'/..r.g bcun a 
orosscuence and prssequencs ( leader sequence ) . ■ 

■ The coivnucLeatides of cae present invsnticn may. also 
have the coding sequence fused in fra.me to a maricer sequence 
wT-ch allows for purif ica-.icn of the pclyp.eptide or . tne 
oC^aen- 'invention. The -marlcer sequence may be a he:<a- 
b'st^dine tac supplied by a fQE-9 vecror tc .provide fc. 
pu-^--ica-uion cf the ruauure pol^-pepuide fused to ' che marlr.ar in 
the case of a bac-erial has", or, for eicampie,. the , maricsr 
sequence may be a hemagglutinin (E.^) tag when a mamraalien 
host, e.g. <:0S-7 cells, is used. The K.-. tag corresponds to 

.' ' '-J -r— m th" •'""fiuenza hetnacglutinin qranexn' 
an epiiooe -cerivec n^-m tu- 

(■Wilson, "l. , e^- al.,' cell, 37:70-7 ( 1934 )). 

■Th= oresent • inven-J.on further relates tc 
poivnu-ieotides which ' hybridize to the here^nabove-described - 
secuences if there' is at least- 50% and preferably 70%. 

benween the .sequences. The present invennxon 
" Dert:.culariy relates to polynucleotides which hybridize under. 

" ■ " * ra the hereinabove-described 

strincent condj.w.i.Oi.i= >-a, <-iie . 

, as h^r-^in used, the ■ term .." stringent , 
Dolvnucleo-ciaes . J^s 

con'dicions" mea.ns ' hybridization will occur only if there is 
at least 95%' and preferably at least 97% identity between tne 
sequences. The polynucleoTiides which hybridize to the 
hereinabove described polynucleatides m a preferred 
embodiment encode polypeptides which retain substa.ntiaily the 
same biolocical func.ion or activity, as the- matu.e 
polypeptide encoded by the cDKA of Fig-ure 1 or the deposited 

cDN-A.. .- 

The decQsit(s) referred to herein will be mainnained 
u-de- the audanest Treaty oa the International oecocnitioa of 
the Deoosit cf Microorganisms for the purposes of Patent 
Procedure. These deposits are prov.Lded merely as a 
convenience and are no.: an admission that a deposit is 
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25 CJ.S.C* § Li2. Tb.e sequence g 
pQiynuclsa-idsc CGiiualnsd 



in ens .ceC'C s iced ma7ieria.i3/ wei.i. 



a.-3 uhe- amiao acid saquence cf xhe paivpeGcides . enccded 

■ — , — ^^^^^^ '.^-a^ri bv ' rsf airance and are 
tneraDv, ars j_ncOi- vOi- — * — ^ * 

coHTiroLling in the ever.-.cf any canfiic" vith z.h.e descrip -lior. 
of secusncas heraxn. A iicsnsa mav' be required to maice., use 
cr sell the deposited materials, and no such license is 
aersbv Cjra.ri'csd. . 



The craser.t invsnnia.n 



£u~iier raiaiies t.a a ViGr2 
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-ide which has Hhe deducad amino acid sequence cz 
Figure 1 or which has Che ainina acid sequence encoded ' by the- 
depasLCed cDNA, as well as fragmenuS , analogs and derivahives 
of such paly-pep-cide . 

The terms "fragment,'": ■■derivative" and "analcg" when 
referring' to the polypeptide of Figure 1 cr that encoded ■ by 
.Che deposited. ' cDNA, means a polypeptide which . retains 
essentially the same bio logical ' function cr activity as such 
polypeptide. Thus, an analog -includes- a proprotein which can 
be activated by cleavage of the proprotein portion .to produce- 
an. active mature polypeptide. , . 

The polypeptide of' the present invention may be a. 
recombinant polv-peptide, -a natural polypeptide or a s:,'nthetic 
polypeotide, preferably a recottibinant polypeptide. 

■ The fragment, derivative or analog of the polypeptide 
of Figure 1 or that encoded by the deposited cDMA may be,(i). 
one in which one cr more of the amino acid residues are 
substituted with a conserved or non-conserved amino acid 
residue (preferably a conserved' amino acid res idue ) and such 
substituted amino acid residue may or may not be one encoded 
by the. genetic code, or (ii) one in which one' or more of the 
amino acid residues.' includes a substituent group, or (iii) 
one in which the mature polv-peptide is fused with another 
compound, such as a compound to increase the half-life of the 
palv-peptide (for example, polyethylene glycol), or (iv) one 
in whJ-ch the additional amino acids are fused to the mature 
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Dolv-;acuid£, such as a leader or secretary sequence cr a 
secueace which is employed far □urifica-icn cf tins manure 
cQly?e?:iide cr a prcpraHsin sequence'. Such fragment s , 
deriva-J-ves and analogs are deemed tc be within the scope af ■ 
those sicilled in the art from the teachings herein. 

The* col'/^ep-ides and polynucleotides of nhe present- 
i.nvennian are preferably provided- in an isolated farm-, ahd " 
Preferably are purified to homccenei-y. 

The term "isolated'* means . uhat: the manerial is removed 
■ f rem -i-s original envirar:£riehT: (e.g., -che natural environment 
if xt is naturally occurring)'- For ' e:camplev a- naturally- 
occurring polynucleoTiide or polypeptide present in a living 
animal is not isolated, but the same ' polynucleotide or DNA or 
palypep-Lde, separaced from some or all of che coeicisuing 
materials in the naiiural system, is isolated. Such 
polynucleotide could be par^; of a vector ; and/or such 
polvnucleotide or poiypeptide could be part of a composition; 
and scill be isolaced io rha- such vec-ar cr .composition is 
not par- of its natural environment. 

The presen- invention also relates 'ta vectors- which 
'include polynucleotides of the prasenn invention, hosn cells 
which are genetically engineered with ' vectors of the 
xnvenrioa and the production of polv-pepnides of the invention 
by r ecQmj:2ihant techniques - 

Kos^ cells are genetically engineered (nransduced or 
transformed or. transfected) with 'the vectors of this 
inven-ion* which may be, for example, a cloning vector or an 
e:.n=^res3ion vector. The vector may. be, for example, in the 
form. of a plasmid, a viral particle,* a phage, etc. The 
encineered ■ host cells, can be cultured in -conventional 
nutrient: media modified as appropriate for activating 
prcmocers, se lecting ' transf ormann s or amplifying the '/EGTl 
genes. The cultura concitions , such as temperature, pH and 
uhe lilce, are those previously used with the host cell 
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saiecusc fcr eicpressioa, and will be apparsr.- tio the 
c-dinariiy sl-ciiled artisan. , . : 

The paiynuclaacids of tiia preaant invsr.tian may be 
empLcyed far producir.c ' a polypeptide by -eccmhinant 
cscx-i-Iquas . Ttius , for e:ca_Ti?ie, the pa lyuucieotiids sequence 
mey be included in any cne af a varis-y cf ezcpression 
'vehicles,, in par-icular vec-cars cr plastuids fcr eicp-es.sihg a 
Dolv-Tjeotiide .. such vsc-crs include chromoscmai , nanchramasama 1 
and'"syn-hetic -DMA sequences, e.g., derivatives cf SV40;. 
bac-eriai plasmids; phage ' DNA; yaasc plasmids; vectors, 
derived from combinarlans cf plasmids and phage DMA, viral 
DNa" such as vaccinia, adenovir^js, ■ fowl, pa-x virus, ' and 
pseucorabies..- Hawever, any other plasmid or vector may be 
■used as long-as it is raplicable and viable in the hast. 

A3 hereinabove described/ the appraoriate DNA sequence 
may ba insarted into the vector by a variety cf procedures, 
la general, the DKA sequence is inserted into an approcriate 
re3tr:.ction endonuciease, sites by procedures icno'^ .1-^ the 
art. such procedures and others are deemed to be within the;- 
scope of those skilled in the art. 

Tha DNA sequence in the.eicpression vector' is operatively 
li.n'.-.ed to an .appropriate e:-:?ression control sequence{s) 
■.(promoter) to' direct mHlfA' synthesis.' As representative 
exa-mples of such promaters, there may be mentioned: LTR or 
SV40 promoter, the E. coli. lac or trp,' the phage la-mbda 
promoter a.nd other promaters kr.own to control e:<:?res3ian of 
genes in prQ-^-aryotic or' eu^-aryotic cells or their viruses. 
The er^pressLon vector also contains a ribosome binding site 
for translation initiation and a transcription term.inator . 
The vector may also includs appropriate sequences for 
a.mplifyinc ezcpression. 

in addition, the e-n:res3ion vectors preferably contain 
.a cene to or.ov^de a phenctypic tra^t . fcr selection of 
ccansfcrmed. host cells such as dihydrof o lata reductase or 
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....-^nc- ^cr euicarvc-ic csLl cuicure, or such as 

r=--p--vclir.s or- ampLc:.lI-i- ^-s_s c. — i 

vec^-cr con..-.r-ir-c the a?proprL..a DMi^- sequence es 
t,...,n above described, as well as an. apcrcpria- pramo-.er cr 
cca-o' secuence, may be empioyed cransiarm an app-cprxaTia 
_ ^he has- to e:c?-ecs tihe protein. As 

e-amDies of appropriate hos-s, there may be 
^. cells,, such as c. cell, SalmoneLla 

c^nrnmvces; fungal cells, such as yeas-; a.nse_.- 



.,3lis. such as SxosoohUa and Sil; animal cells such as CHO , 



— — — 

cos Bowes ruelanoma; plant cells , e.c . The selection or an 
..orooriate hos. is deemed . to be winh.n the scope or .nose 
sl'ii led in the- arz- from the teachings herein.. . \ . 

"• " Mo.» oarticularly, the present .nv-ennicn also xnclaoes 
..con^i^an; constructs ' comprising one or .more or ".ne 
as broadly described above. The constructs comprise 
a";^"c.or, such as a;plesmid or viral vector, into wh.cn a 
•secuence of uhe invention has been inserted, .n a -rvard o. 

■ ' ■ '■' Tn a c-efe-red asoect or . tni.= 
reverse orLentato-on . m . a p-e^ — . . , 

■ ■ ' ■ , • ^„^.-T-uc^ rur^her comorises: reg-^latory. 
emcodi-menr, tne con^^ruc. -ur-n— . 

secuencss , 



including,. ■ for . example, a promote; 



:.»d to- the secuence. Large nuir^ers of suitable vectors, and 
orom^ters-are .^nowr/ to those of .s-11 in the art, ar^ are .- 
'commerciallv available. The following vectors are proviced oy 
w.v cr- e:.:amole. Eacteria-1: pQE7Q,.pQE-9 (Qiagen) , pa=, 
o'nkaes'criot, 'Psi:<17., pBluescriot SK, oBs^S, P^H8a , _pHHi oa , 

^rrsrel- d'^-^c99A; dE:K223-3, pis.-%- - ^ ^, 

onP54Q qR.'T5 ( Pciarmac^a ) . — j.--^. 

PXTI, PSC (Stratagene) pSVK3 „ pBPV, pMSC, pS^.. 
;.ha.^acia). However, any other plasmid or vector may oe 
•used as long as they are replicable and viable in tne hos. 

■^n- r-- be =°i=c-ed from any desirec gene 

Promoter region^ c=x: oe o__u _ . ^ 

. 1 ; . =0 — vectors c:. o-_n-- 

usinc CAT (chlc-a.mpneniCOi u. a..= ^-as.. ) 

with selectable maricers . ^vo appropriate vectors a^e 



particular named bacterial promoters 
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, - , .c- -ri, T7, cp.-.: ia-nu3da F,, arid ^rp . . 

,,,,,ce lac, L^c, - •^^ed.a.. early, KSV 

Eulcaryc-c .u- ^^^^^ ,ecrov-..u. , 

Chv-midine '=c^nase, of the a?cro?r^a-.e 

--^^!:::":r^T^e:. ..... - o.d..a.. • 

e^od..en., .he prese.. invention .elates 

: ;.;"r;c;.a.n.n. .he a.o.e-de.=.i.ed construct Jhe 
, , -^^cre- eakarvotic cell, sucn - 
, uos-. .call can ce a a-C.-e- ^ ^ 

or- a Lower euicari/o >-iC c-i-, &u , . 

.arr^ai^an ^ , ,,o.arya.ic - ceir, such as a 

caLL, or- tne aos. c— c _ carst-uct into ■ the hasi: 

tracer ial. cell. la.roduc.on ^^r^^^^,^^^,,,, 
K.--o-r^c^-d bv calci'im pncspac.-e vr-.-s— c . 

.....can electrcpcracxon (Oav.. u., 

Oe:c.-ran .ac.. - u ^^^^^ ^_^._,,^3 Molecular 3.= logi., . 

^r, -cos-. cells can be used in a 

'""^-^ u.d« -a-.r=l of. 

,uV..„yo..= ''=-;4:-^^%^^,,,, -Edicioa, (Cold spr... 

Cloning: J. Liooravcy f.« ■ uMch i« 

.„o=rpor.«d by r. = = ..n=-^ pol-yp.o..d.. of 

T-ar.»o-tpIio>. o. » D». _,„-.. is ir.o-eas«d ay 

o«»n. in-n=ion dy ■nic^-- =u..r/o. ■ ,n:w.=.rs 
.l.,,.-..n, .n .nn.noe. " Jj^ ^ „ 300 

_^3_ = ^tin<= elements c. DNA, usua-i. 
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bp, that a = - a pramctsr Lncrease i^s crans crioticr. 

Eic^-nples ix-ciude the SV40 enhancsr oa ths LS.ta side cf -hs 
reniicitiaa crigin Cop LQO tc 270), a cy-craecaic vLru- early 
pramocsr enhancsr, a polyoma enhancer oa ^hs la^e sice of the 
rsplicatlon origin, and adenovirus enhancers. 

Generally, rsccmbinant e:-::?re3 3icn vec-ors will inclucie . 
oricins ai replica-ion and selectable ma-vers permi-tinc 
•nransfonuation of the has- cell, e.g., the ampicillln 
resistance gene of Z. coli and S cerevisiae TPji gene, and 
a prcmo-er derived f rcra ' a' highly-eicpressed gene to direct 
transcription of a dovmstream struc-u-al sequence. Such 
, orcnibtsrs can be . derived f rom ooerons encoding glycoly^-ic - 
enzimes such as 3-phosphoglycerace icinase • ( ?GK)., c-f actor, 
acid phosphatase, or heat shock proteins, among others . The 
heterologous structural sequence , is assemb-led in appropriai.e 
phase with translation initiation and termination sequences, 
and preferably, a leader sequence capable of directix-g 
sec-etion of trans lated, protein into the periolasmic space or 
extracellular mediuia. .Optionally, the heterologous sequence 
can encode a fusion protein including an N-tarminal 
identification peptide imparting ' desired characteristics, 
e.g., s--abilizaticn cr simplified purification of e:.:pre3sed . 

recorabinan^ product. . 

'useful ' a:-rpre3siQn vectors for bacterial use are 
constructed by Inserting a structural DNA sequence encoding 
a desired protein together with, suitable translation 
initiation and termination signals in operable reading phase 
with a functional promoter. The vector will comprise one cr 
. more phenotypic selectable mer'r.ers and an origin of 
reolicacion to ensure mainte.nance of the vector and to, if 
deiirabie, provide amplification within the hast. Suitable 

oroV-.arvo-ic hosts for transformation ■ include QSlX, 

. 1 in. ^iibtilis , ^.^imrreLLa nvthimurLum and various species, 

wi-hin the genera- Fseudomonas, Streptomyces , , _ and 
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S-.aphvIococc^s, aitHoach ethers may also be err.ployed as a 

ma-^ac or choice. ' 
.s' d represer.tative bat nonliKiit^nc . example , use^-l 

e^;.^essicn "vec--ar3 for bac^er.ai use can comprise a . 
■„",=.-=bi^ ma-icer and baczeriai origin or reciica-ion derived 
7.1':, commercially available plasmids comprLS^ag genecic 
e'l emerts-of the well known cioning vac-or P55.322 ( iTCC 
37o'^.) Such coimne-c^al vectors include, for example, cKK223- 
V (.P>.e^acLa Fine Chemicals Uppsala , Sweden)- and GE^.l 
CP.cmeca Eiotec, Madxson,' WI, USA) / These pER322 "backbone" 
sectiaas'are corabined with an appropriate ' promo-.er anc tne. 

■ s-ructurai sequence to be ercpres-sed. _ . ' 

.oiiowinc transformation of a suitable host . strain and 
. crow-.n of the nos. strain to an appropriate cell dens.cy, tne 
^ei^cted cromoter-is derepressed by appropriate means (_e.c., 
.empera.uie . snif. cr chemxcal induc-.ion) and cells are 
. cu'-ured for an' additional period. 

cells are t.-i=-iiy ' harvested by centrifugatxon,. ■ 

■ cis-uoted by ohysical or chemical means, and the resultx-.g 
crude ey-.rac- retained for further purification. 

MJcrobial cells employed in expression cf proteins can 
be disrupted :by any convenient method, including freeze-tnaw 
cycling,' sonication, mechanical disruption, or use o. ce.. 

lysine agen" s . .i-^ 
■ va-ious mammalian ceil culture systems can =l=o 
eruo^oved to e.rpress recombinant protein. Examples, or 
mammalian e.rprassicn systems include the COS-7 lines or 
mon>:ev icidnev. fibroblasts, described by Glurman, Cell, .-:-7 = 
■(-1981), and other cell lines capable of e:cpressing a 
compatible vector,, for example, the C127, 3T3, CHO , HeLa anc 
.a-/c.»ii i^nes. Mammalian e:cpression vectors will comprise an 
o--in of reolication, a suitable promoter and enhancer, ana 
^ny necessary .ribosome-bxndxng sites, p-o lyaceny lation 
sUe, sPlice donor and acceptor sites ,, transcriptional 
termination sequences, 'and, 5' flanicing ncntranscrioec 
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= DMA sequence, d.r.ved Iro. ..e SV.O viral genome, 
coI.acenyia.ion s..es .ay .e used to pco..de t.e .e.u.r.d 

..-.cr. ^-^ r-sccve-ed and purified from recomDxna.x.- cli 
,.o.u/==" bv me^-hods .used hera^-cfore, including ^oa^usa 
.a-a;e"or"e.har.oi prec.p.ca.ion, acid e:..rac..oa, anioa or 
I^I-.n exchange . c.ro.a.o^.-aphy , p .d sp.cce I lulos a 

....... V chrcatocraphy,- ■aydro:o-apadi.e c.rcn.a.og.a,a, anc 

c.rc™ap.y. ic is preferred .o .ave ow- 
;;ncencra..cns c .ppro:ci.ateiy 0 . 1-5^) of -calc^ 
du-1-c Durifica-ian (Price/ eu al., J- 

■ ..o..i« re.oId.«g 3.eps ca. .e ..e. as .ecess.r, 
.n- c=n,oIec.ng cor.f .gura.ion of t.e .a.ure pro.e... r .nal y 
..g. plrfcrmance i.quid chromatography (HPLC) can be employ- 
for final purification snaps. ■ 

■t:. ooivt^eotides of the present invention raay be a 
.e^urllly" u^rif led. product/ =r ■ a product of chemical. 
- s^ic p'rocedures, or ' produced by reco^inant -cnnigues 
/.o. a nro.aryo.ic cr . eul.a-.o.ic host (for example b, 
rac.erial, yeas., higher plant., insect and mammalian ce i s 
cu-^u.e). Depending upon the host employed m a recombinant 
or^ducion procedure, the polypeptides of the present 

■ -avantion may be glycosylated with mammalian o..o._ne. 
;..y.arvotic carbohydrates .or may be non-glycoaylated . ■ 

l-^O^.-^s useful as a wound healing agent, par-icula_./ 
= .t IS necessary to re-vascularize damaged tissues, or 
■■ new caoillary angiogenesis is important. Therefore, it 

.-. us-H'for treatment- of full-thicKness wounds suca as 



dermal uic"e"rs", 'including pressure sores,' ^ 



c ulcers. ^ addition, it can be usee 

^ull-thicv-.es3 bums and iniuries where 
:;;i;;:;:sis'is desired to prepare the burn in m.ured sites 
fo; ; s-^in graft and- flap. In this case, it snould be 
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d-acl.Iv a. ti^e sices. S.rn.iar, V^Gr2 can be used' in 
::::;.c su..e.y ..e. .,«a,.ru=.i=r. i3 re,ui.e. follows. . 
l-.^r.., o-.r-.r cr^.oiu^-, ar even for ccs^ecic purposes. 

be used CO indues the growth of d^-nagea 
..ena, oer .= d=n-.xuxr or ligament .is.ue. It may be. used xn , 
oe^^odcntai. disease where. VZGTZ is applied xn a 
;„elhvLceViulosa gel to -te r=o-.s of the diseased teeth, the, 
-.= .ln,err. could lead -.o che forma-.ioa of new bca-e end 
Te^Ltum w.th collagen fiber ingro^v^.hs . Ic can be used ro. 
.eaenera.xnc supporting tissues of .ee.h, including alveolar 
bo;a, cemen.um .and'- periodontal ligament, that have been 
damacsd bv disease and trauma. ■ . _ - 

.'sir-c*^ a-n.c.iOGenesis is important- in iceepxng wounas clean 
a.d aon-Lhfectad, may be used in a.socLation w.ch 

sur^erv and ' following the renair of cuts It snculc ■ be , 
■partxcilarly- useful xn the treatment of^ abdominal wouncs 
where there is a high risV. of infection. 

VZC-2 can be /used for- the promotxon or 
e^.r.o-.helxali = e-.xon in vascular, graft surgery. In -rhe case. of 
vas.-uiar crafts using either transplanted or synthetic 
rra-eriai , VEGF2 can be applied to the surface of the gra" or ■ 

^h.= iunc-.ion.to promote the gro.^_h ' of ■ the vascular 
e^.dorhelxal cells. One derivation of this .is that VZGFZ can 
- he used to reoair the damage' of myocardial xnfarction and 
orher occasions where coronary b^-pass surgery xs neeaed oy 
sr^mulatinc the growth, of tne transplanted tissue. F.elate- 
•to this is the use of VZG72 to repaxr the cardxac vascular' 

svstem after ischemia. 

Th» identification at . ^f^^Tl can be used for the. 
a=n— t^Qh of certain inhibitors . of vascular endothelxal 
;-ow-h factor. Since angiogenes is ' and neovascular xzatxon are 
steos xn . solid tumor gro.^h , inhibit.ion or 
■ arcxocenxc actxvxty of the vascular endothelial gro-^h ractor 
^.s've^v useful to prevent the further growth , retard, or even 
degress solxd' f^ors . Although the level ' of e:cpressxon or 
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is e:-:-.remely low in r.or^ai t.ssua. ir.cludinc =re.st,. r.t 
j;;e found e:cpre.sad mcder... levels in a. le.s. .wc 
-.umcr csii lines tha- ^rs derived from aielignan-_ 
cui^ors. ic is, uher.fore,. pcssibl. tha. VZGFl involved in . 
c'^or anciocenssis' and grQ-^-^li • 

VZC-2 can be used, far in vicro cul-urinc. cf vascular 
eadocha-llal cells, where i-. can be added zo the condi-.icnal 
^eci.m CO a concentration from 10 pc/ml do IQ.ng/mx. 

The oc^voeouide of uhe presenr invencion may also oe 
e^c. i oved \n" accordance ■ with the present invention by 
e:c?res3ion.of such colypepdide in vivo, which is orten 
-e-erred to as "cene cherapy . " 

Thu=-- ^or exaiuDle, calls such as bone marrow ceils may 
be enaineered wich a polynucleotide (DMA or R.MA) encoding .for 
• ^;.e ool.-^ec-.ide ex vivo, the enc:.neered cells are tnen 
crov.ded'to a' patient to be treated with the po lv-pe?txae .. 
"such raethods are well-V-nown in the art. For example, ceils 
ruav be encineered by .procedures knowT^. in the art by use., or a 

■ retroviral particle containing encoding ror tne ■ 
cci '^eotideof the present invention.-, _ 

" "s'm^-lariv, ceils may be engineered In vivo ror 
..^..essibn of the poU^eptide in vivo,- for example, -by 
o-ocedures-knowT-. in the art. As known in'the art, a- producer ■ 
.a- producing a retroviral particle containing P_KA 

■ ^n-cdina the polypeptide of the present invention may oe 
IdminisLred to a patient for engineering cells in v..o ana 
e-^^ession of the . polypeptide in vivo. These and other 
me'thods -for administering a ' po lypeptide ' of ' the" present 
^nvenrian br s.uch methods, should ..be apparent to those si-.ilied 

^he art 'from the teachings of the present invention. ror 
examove, the exoression vehicle for engineering cells may be 
otner than a retroviral particle, for example, an adenovirus , 
whicn- may be used to engineering cells in vivo arter 
corrjination with a suitable delivery vehicle. 
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TJ-.e-oalvpeatide cf the cresea- inver.-ian ruay be employed 
camcind^-icn with a suicaisie pac.rniaceu-icii carrier. Such 
comDQsirioP.3 comprise a tiherapeu-.icaiiy sffac-ive amoua- cf 
cne' prouain, and a pb.armacs^ticaiiy accs?-abie carrier O'. 
e:ccipiant. Such a carrier includes but: is not limited tc 
saline, buffered saline, darc^rosa, water/ ciycero'I,. ethanol,. 
and ccrubinations thereof. The formuiaticn should " sui- ^hs 
mode oi adinini3trar.ian . 

The invention also provides a pharmacau uical pack or kit 
cQmDris.ing one or mora containers filled with one or more of- 
Che" ingredients of the pharmacauticai compositions of the 
invention. Associated with such container ( s )' can be a notice ■ 
/ zn the^ fbnrt--'prescrihed by a govermnental agency regula-ing 
the manufacture; use or sale of pharmaceuticals or biological 
'products, which notice . reflects approval by the agency of 
manufacture, use or sale ■ for human administration. In 
• addition,' the. poiyp-eptide of the present invention may be 
employed on con junc- ion ■with ocher therapeutic compounds. ^ 
The pharmaceutical compositions may be administered in 
- a ■ convenient manner, such as ' the oral, and intravenous 
routes, and is preferably administered topically. The 
'amounts and dosage regimens of v-GT2 administered to a 
subjec- will depend on a n'umber of factors, such as the mode 
■ of adiuinistratian, the nature of the condition being treated, 
Che body weight, of the subject being treated and the judgment 
of Che prescribing physician. Generally speaking, it is 
civen,' for e:<am?ie,- in cheraoeutically effective doses of at 
lease about 10 ag/kg body weight and, in most cases, it would 
be administered in an amount not in e:ccsss of about ■ 8 mg/kg 
bodv weight per day and crefaraJDly the dosage is from about 
10 "ag/kg' body weight to about 1 mg/kg body weight daily, 
-aking 'into ' the account the. routes of, administration, 

' The sequences of the present invention are also valuable 
for chromosome identification. The sequence is specifically 
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.rarcecsd ta and can -hybridii^is wich a pa~:.cula- lacsuian on 
an indi'/iduai human chrorrtcscirie . Moreover, there L's a current 
need for identifying parrrcuiar sites cn the chraincsaxne . Few 
chrcmcscme marlcing reagen-s based- on actual ' sequence dat.a 
(repeaz ao irmcrphlsin ' s ) are presen^ily available for maricinc 
chromosamai ioca^ian The mapping of. DNAs' -co chromosames 
according to the present inven^icn is an impor-ant first 
s-iep in correla-cing those sequences wich genes associated 
with disease. 

Briefly/ sequences' can be mapped to • chromosames by 
grecaring. ?CR primers (preferably 15-25" bp) from the cDNA . 
Compuvsr analysis of the cDNA is used uo "rapidly select 

-primers that da not spa'n more, than one exon- in the "genomic 
DN"A, thus camplica-ing the amplification process. These 
primers are .then used for ?CR screening -.of somatic cell 
hybrids containing individual human chromasomes . Only those, 
hvbrids con-aining the human gene corresponding co the primer, 
will yield an amplified, fragment:. - 

•. ?CR mapping of somatic cell 'hybrids is -a rapid procedure 
for assigning a particular DN'A to a particular chromosome, 
• Uslnc the present invention with the same oligonucleotide 
primers, sublocalication can be .achieved with panels of 
fragments from specific chromosomes or pools of large genomic 
clones in an analogous manner. Other mapping strategies that 
can similarly be used to ' map to its chromosome include In 

■slzu hvbridir ation , prescreening with labeled flow-sorted 
chrcmosomes- and preselection py -hybr idization to' construct 
cnromosome specif ic-cDKA libraries. 

Fluorescence In situ hybridization (FISH) of a cDNA 
clone to' a metaphase chramosomal spread can be used to 
orovide a precise chromosomal location in one step. This 
technicue can be used 'with cDNA as short as 500 or 600 bases; 
however,, clones larger than 2 , .000 bp have a higher li.^elihood 
af Q LndLna to a unlq^ae chramosomal location with sufficient 
sicmal intensity for.sLmple detection.. FISH requires use of 
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-He -'-ne frcm wciicbl the EST was :cerivsd , ^Lnd the Icacsr the 
Terser. -Fc- example 2 , 0 Q Q c? is good, 4,0Q0 is bec-_-, and 
T,c-- Chan 4 , 000 is prababiv noc necassery to get good resuir_s 
a raasoaafcie percentage cf the time. For a review or taxs • 
cechr.icue, see Venr.a et ai-. , Hu.Tiaa Ch-omasames : a Manual of 
Basic Techr.icuss . Pergamcn Press', New York (1983 ). 

Once a sequence has been mapped ta a precise chramosomal 
Lacati=n, the ' physical pcsiticn-cf "he sequence ' on . che 
cT-omosome can be correlated with genetic map data. (Such 
daca' a-e found, for example, in V. McKusicV:, Mendalxan 
iPhe-tance in Man^ (available on line through Jahns Hopicins 
Unxv--"v welch Medical Library). The relaticnshxp between 
a=.n-s and-- diseases that have been mapped, to che same ■ 
;hrcmosomal region ■ ^re then identified through Ixn^age 
^nalys-3 ( coinhericance of physicaiiy adjacent genes)'. ' 
• ~" it is necessary to determine the . dif f erencss_ in 

-.ne cOkI or aer-o:.ic sequence between affected and unaffected 
Tnd-/^ duals. ' If a mu--a-ian 'is observed in some or all or tne 

■ a--c-ed individuals buc not in any normal individuals, tnen 
Che mutation is liicely -^o be the causative agen^. of the 

'"'"'"^With current- resolution of physical, mapping and genetic 

■ tuaoc^na technicues, a cDNA precisely localized to a 
chromosomal region associated with the disease could be one 
or between 50 and 500 pocencial causative genes. (This 
assumes L megabase mapping resolution and one gene per 20 

Comoarison of affected and unaffec--ed individuals 
o^rerallv involves firsc looicing for snruc-.ural alterations 

■ 'n c:^e Chromosomes, such as deletions or nransiocacions tnat 

v^s^bi^ from chromosome spreads or detecnable using .-C.-. 
. cased on thar: cDNA sequence . Ulcxmanely, complete sequencing 
o- cenes from several individuals is required to confirm tne 
presence of a mu^-ation and to discing^.ish munations rrom 

-2L- ■ 
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• ..e oresen. Inve.^.oa is fur-er directed to ir.i.lb.tinc 
-cy the use of .a-.isa.se -.echnoicg:. • -^----.s e.s e 
..cLnclcc-. can be used to co.drol gene- e.-Tess.a. thrcugn 
,:;.,i._prii:c forrr^aticP. or antisease. DNA cr both or vaxcn 

^'e.^ccs ^re based or. bmdxng of a pclynucLsQ-.ide ca DNA or 
Fo- e:cainDl2, the 5' cadiag portior. cf the ma-.u. e 
oo-/nucieo^xde seaueace, which er.cadss for rhe polv-peocxae ar 
• l-I" ..r^ser--. invea--xar.,. is used . co denicn an ar.^.isar.se F_HA 
ri\acr.uciaoride of from 10 to 4-0 base paxrs in lengrh - A DKA 
oMaoauciectide xs desigr^ed to be complementary .a a ragxon 
crt'he cane involved xn transcription (triple heli:c - see i.ee 
■ e- 'nucI.' Acids' Rei . , S:3Q73 (L979 ).; Coaaey ec a., 

.ci = ac» 2.il:4S6 ( 1983 ); and Dervan et al. Science, 231: 13o0 
pl=n, thereby preventing rranscriprion and ^ the produc-.ion 
of v-TG-" ■ The an-i^ense P_HA a Ligonucleo-.ide hybrxdizes to- 
che mPM. in vivo and blocics translation of an mP^MA molecule. 

■ Vn^o'^he (ancisease - Oicanc, J. Neurochem., 56:5 = 0 
Zs9l); Oligodeo:cynucieatides as -tisense Inhibitors of Gene 
c.cn^ = s3ion, C?.C press, Boca Raton, .?L (19.33)).. 

,i,3.„^.-vely, Che oligonucleotides described above can 
v.e delivered to cells by procedures m the art such- that _ the 
. a.ti-sense R.MA or D^TA may be expressed in vivo to mnioit 
o.Qduc-ion of V^GF2 in the manner described above. 

sense cons—ucts to VSGF2 , therefore-, may mhioit 
ar.aiocenxc activity of the V^CrZ and prevent the furtner 

■ a-ow^h'o^even regress solid tumors, since angiogenesis ana 

■ Neovascularization are essential steps in solid t^^or growtn . 
These' antisense constructs may also.be used to treat 
rneumatoid arthritis, psoriasis and diabetic retinopatny 

" .^^^^^ all characterised by abnorrr-al angiogenesis. 

■ -Th^ ool-^eotides, their fragments or other derivatives, 
or anaioc; tl^er^of, or .cells e:cpressing them can be used as 
an .mmun^gen to produce antibodies thereto. These a.ntioocie. 
can- be, for e:.ample, polyclonal or monoclonal antibodies. 
... cresent invention also includes chimeric , . s ingle chaxn, 
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■n.u....i = ed .n^.i^odles, as wail T.^ xr.g^encs, o a 

p-edu=. of .a^ e:cpre.sicn library. V.r.cus procec.es 

V^aown i-n. the a" may be usad for ".he producr^ca or sucn 
an^ibadiss and f raginent.3 . 

A_r--.i.bodiss caaaratad acalaat tha pGii^a?^-i.Qe 

af the present inven~ian can be 



of uha DO L'/ioeptide :.ntia an 



o 



corresponding to a sequance 
G'r-.T = in sd by dirac- injacrlan 
Ji-mai or bv adir.^nisuaring the poii^eptida ■ to an anxmai , 
or»^-abiv . nouhuman. The antibody so ob^axnad wxil tnen 
;..^d nhe ooivoaotide itself . In this raanner. even a sequence 
e^^od-nc oniv a fragment, of the poi^/pantide car. be -used -.o 
antibodies binding^' the whole na^ivs palypepTia.da . 
such' antibddxes can then be used to isolate 'nhe polypec-ae' 
from txssua e:cp.rassing that poLi^aotide. For preparation' 

% monoclonal- aatxbodies, any technique which provxces 
an-. oodles- oroduced by concinuous cell line cultures can he. 
used Examoles include the hybridoma technique (Kohler and ■ 
Milscexn, 1975 , Nature,. 256:493-497 ), the, trxonva Hacanxque, 
th= h-oman S-cell hybridoma cechnique (.Kozbor 'at al.,. 1983-, 
TnuTiunoloc^. Today 4:72), and the EBV-hybridoma. cechnxque to 
produce human monoclonal antibodies (Cole, e^- al . , 1985 , xn . 
■Monoclonal Anybodies and Cancer Therapy, Xlan P.. Lxss, Inc., ■ 

OO . 77-9 6 ) . . , . . „ 

T,= .-haicues described far the production o: sx.ngle cnaxn 
an-ibodxes (U.S. Panent 4,946,773 ) can be adap-.ed to produce 
sxngle chain antibodies ^o xrumunoganxc poli.?eptida procucts 

of this invention. ' ■ ■ J 

N-u--aiira-ion- antibodies can be idan-.ifiad and applxed 

to masv.-the vascular endothelial growth factor^ and that has 

b-o,^ ' Shown in, mice model systems against Vi.Gr. VEGr 2 can 

^ .ISC be xnac--iva--ed by certain dcmiaar.f negative mutant. 

ie itself. ' It is l^no'^. that bath PDGFc and ^ 

heterodimers or homodimers , and V^GF forms 

'sxmilar .xntaracticn between v-G-2 could be 

.These antibodies tharafora miy be used to blocic 



wxthin the gens xtseX 
form eithe 
homodimers . 

= -.-r-j»r— =d 
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cr.e anc-cgs-iic acnivi-y cf V-EGFZ and retiarc che cro^h cf 
solid uumors - These an-iDodias may also be used co Tiraa.- 
j.i-f Lammacicn caused by cha increased vascular permeability 
wtiich results from the presence cf .VZGT2. 

These antiibodies may fur~her be used in an i.Tiinuncassay 
CO detect rhe presence cf tuiucrs in certain indj-viduals . 
£nz^/Tne irninuna.assay can be perfcrmed from che blood sample af 
an mdJLvidual. Elevatiad levels cf of VTIGTI can be considered 
diagnostic of cancer. 

The oresen- invenhion is also'. directed to 
ancagonisn/inhibitars of the poiypepnidss of che present 
invennian. The ancagonist/inhlbinars are those which inhibit 
or eliuiinate the func-ion of the^ pc lypeptide . 

Thus, for example, antagonists bind to a " pa iiv-peptide. of 
the present invention and' inhibit or eliminate its func-ion. 
The antaconist, for example, could be an annibcdy againsn the 
polypeptide which binds to the polypeptide or, in some cases, 
an oliconucleotide . iLn. example cf an inhibitor is a small 
molecule which binds uo ■ .and . occupies the catalytic .site cf 
the polypeptide .thereby mai-cinc the catalytic' ■ site ■ 
inaccessible to "substrate ■such that normal biological 
activinv is prevented. Examples of smal 1 ' mo lecules include 
but are -not limited co small pepnides or pep-ide-liice * 
molecules . 

Truncated versions of. can also be producsd that 

ere capable' of interaccing with wild type VZGcZ form dimers 
thac fail aciiivate endorhe lial cell growth, " therefore 
inacnivatad the endogenous VZGFZ . Or, mutant forms of v^GF2 
farm dimsrs themselves and occupies the ligand binding domain 
of the proper tyrosine Kinase recepnors on the target cell 
surface, but -fail to activate the cell growth . 

Alterna-ivsly , antagani.3 cs co the po 1 v-pepn ides_ cf the 
presen- invennion may be employed which bind co the . receptors 
to which a polypeptide of the preserit: invention normally 
binds. The antagonists may be closely related proneins such 
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TiheTi ^hev rscagnirs e.nd ■bind no the rscep-ar si-es cf -tha 
aduural pro- sin, howeva"; cliey ara inac-iva fonns cf che 
natural craraj.n and thsreby pravant tihe aci^ion of V"ZGF2 since 
racaciicr sites are occupied. In chese vays , the ac-icn of. 
the VZG72 is pre vanned and the annagonist/inhibinors may be 
used therapeauJLcally as an anni-t^jLinor drug by occupying ths 
rscaoncr -sites cf rumors which are recognized by V"ZGF2 or by 
inac-ivaning V-^GFZ itself. The annagcnis-Zinhibicors may 
also be used to prevent inf Lainmation due- to the increassd 
vascular perineabili-y 'ac-ion cf VZGT2 . The 
antagonist/inhibitors may also be used to treat solid tuiricr 
crav^hv diabetic -retinopathy, psoriasis and " rheuinanoid 
arnhriuis . . 

The anragonist/inhibitors raay ■ be ■employed in a 
ccmpositian with a ■ phairmacsunically acceptable carrier, .e.g. , 
as hereinabo-ve' described. 

The 'present: invention will be -further described with 
reference to the f o 1 low^ing ' e:carup les ; however, 'in is. to .be 
understood that the present invennioa is not limited to such . 
examples. .A.11 parts or amounts, "unless . ochervis e specified, 
are ■ by weight. 

'In order to facilitate understanding of the following 
e:-:amples, certain frequently occurring methods and/or terms 
will be described. 

"Plasmids" are designated by a lover case-p preceded 
and/or followed by capital letters and/or numbers. . The 
i3-arninc plasmids herein are either commercially available, 
publicly a-vailable on- an unrestricned basis, or can be 
consnruc-ed from available plasmids in accord with published 
■ procedures. In addition, equivalent plasmids to those 
described are 'iinown in the art and will be apoarent to the 
ordinarily sicilled arnisan. 

"Digestion" of DMA refers no cataly-ic cleavage of the 
DWk wi-h a resnriction anryme that acns" only at cartaj-n 
sequences in the DNA . The various restric-ion enzy-mes used 
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^-I'v available and cheir rsac-.iar. 
fracmen. x= use- .-u-i .sola^.ir.c DNA 

- ■cc;:;ru;.io;, ;^.c.x.. . so ^ 

.0 P - ^^^^^ ^^^^^ ^ 

ca~^^-'-^-'='- 1-*=^^' — - , . -t Urn,!- 37''C are 

el «c-rooaorssea cL^rac-,^y c: . . 

Jr;e.c;.. poIyec.na..de .el .esc...e. b. Ooedael, O. 
e^aT Mucleic Acids Ees . , 8:4057 ( 1980 ). 
■ , o-.i^^-- -----3 uo eitilier a s ingle ' s--ranaea 

poLydeo:cynucleo..ce c ^.^^....^ ...d . Such synthec.c 

srrar.ds which. may De caemiu / - 

aT^ In the presence cr a i-.^L.as^ . 
pnos = riaciies._- = ^ idg). Unless 

<--«^-; ;_„,U,;,. 

buffers and ccnd--.on3 with .0 un...= o. ^ ^ 
(-l.case") pe. 0.3 of appr=.:.:nat ely ecu.mcla. a.cu.-. 

the fracmen-s co be Liga^-ed. . 
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U-:iess o-hervisa s-^-ed, ■ .ransfo-ma^icn was ?srf armed as 
dascribed ov the meci-QC cf .Graiiain, T ■. and Van car Eb', 
'Viroiogi,-, 52:430-437 ( 1973) . 



e 



-,= --=.-T- .-i-p \i-^ r--2 in humar. nissues an c ■^■rsas- 

r TC'T a S 3 !.<- n ■r"= - ' • ' ^=-= — [ 

r-j.ncs- lines 

Northern hict analysis was carrisd cut to ercamins i^he 
i=v-i3 C.f e:cDras3icn cf ^/1:GF2 i.n human tissues and brsas^ 
^^r,c^^ csLl lines in haitian tissues. To^ial callular R^A 
slmoras-. were' isolated vith R^Azal™. ' B system (a^ocec- 
r.abc-ara-ies. Inc.) - ^-^o^'- '-^ ^5 °= -""^^^ isclated ...zrcm 

'.r-a b--a=t- rissue and ceil line specified- was secaraued on 
1% acarose eel and blotiied ante a nylon" filter, (Molecular 
CLonxnc, Sambrook Fritsch; and Mania- s , Ccid Spring Karcor 
o^=33 1989). 'The labeling rsaccion was done according to 
tn^"s'-rltacene ' prime-It kit with 50 ng DMA' -fr acme. The. 
labeled DNA was purified with a Select -C-50 column frcm 5' 
__ .3 prime, .Inc.. The filter. was then hybridized w.xth 
radioactive .labeled full length V^Gr2 . gene at 1,000,000' 
ctm/mi in 0.5 M Na?Q. and .7 % SDS overnight at- 65°C. After 
w"ash twice at room temperature and twice at 50=0 with- 0.3. X 
SSC, 0.1 % SDS, the filters were then exposed at -7 0-C 
avernxaht with intensifying screen. A message of 1.5 Kd was 

. w.^^e-*. c.= nc=«'- call lines. Lane #4 represents 
obssrvea in 2 b:.eas- c_nc — 

' . v = -v tumoricanic cell line that is estrogen indepe.adent for 
a-owth. ■ see Figure 4. Also, 10 ^5 oz totail F^MA ■ f rom 10 
human adult tissues were separated on an agarose gel and 
bio-t=>d onto a nylon filter. The filter was then hybridized 
w.^.h radioactively labeled V-G-2 probe in 7% SDS, 0.5 M Na=0„ 
OH 7.2; 1% SSA overnight at 63=C. ' Following was in 0.2 X SSC 
"ac 65=C, the filter was e:^osed to film for 24 days at -70=C 
With intensifying screen. See Figure 5. 

!^:.camtile 2 
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c-^^q^cjon cf bv in vi^ro t r ^- scriccicn and -rnns la- ion . 

The VZGF2 cDNA was tLranscr ibed and trans Lacsd j..- vjLtro 
CO de^annina che size cf nh-e trans idtiable polypepnids sncodad 
bv the full length and par-ial VTGr2 cDNA . The full Isngtih 
and par-iai cDNA inserts of ^/ZGF2 in the .pHluescripu SK 
vec-or were airtnlified by ?C?. wiza three paris of primers , 1) 
3 -r-sverse and f cr'-^ard . priiner 5 ; 2) M13-rever3e primer, and 
^/EGF oriiuer r4; 3) Mi3-ravar3e primer and VZGF primer FS , 
The aaquenca of these primers are as follows. 
M.I3-2 reverse primer: ■• ' ■ . 
5 '-ATGCTTCGGGCTCGTATG-3 ' 

This sequence is"- located ups-raam of the 5' end of- the- v:cGr2 

cDNA inserr. in rhe pSluascript vector and is in an. anti-sense 

crLenuation as the cDNA . A T3 ■promoter sequence is loca-sd 

between this primer and the Vc:gF2 cDNA. 

Ml 3 -2 forward primer: 

S 'GGGTTTTCCCAGTCACGAC-3 ' 

This sequence is located downstream of the 3' end^of the 

V'EGF2 cDNA insert in the paluesc.ript vector .and is in an 

anti-sense orientarion as the cDNA inserr.. 

VEGF primer F4 : . 

5 ' -CCACATGGTTeAGGAAA.GACA-3 ' 

This sequence is locaced within the Vc:GF2 cDKA in an anti- 
sense orientation from bp 1255-1239, which is about 169 bp 
awev from the 3' end of the stop codon and about 255 bp 
before the lasc nucleotide of the cDNA. . 

pr?^ reaction with all nhree pairs of primers produce 
amplified oroduc-s with T3 promoter sequence in.fronu of the 
cQMA insert'. T?:e first and third pairs of primers produce 
?C?. ' producrs tha^ encode the full polypeptide of VZGF2 . The 
-second pair of pri-mers produce ?C?. producr. that misses 3 5 
amino acids coding sequence ar . the C-terminus cf the ^/*H:GF2 
pc 1%-pep tj.de . 

Appro:cimately 0,3 ug cf ?CF. product from first pair cf 
orimers, 1 ug from second pair of primers, 1" ug -from third 

-2S- 
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pair of primers were asad ror a.n . vit:ro 
r a.r. s c r i P t ic a/ t r a n 3 L a u ia n . The in v i c r o 

c-a^ sc^iccioa/tirans lation. reacticn was perfGrmed in a 25 ul 
of vGlume, using the T^T™ Ccupied P.e-iculacyxa Lvsa-a Systisms 
(promeca, CAT# L4950 ). Speciiicaiiy , the raactiiar. car.uains 
1 . 5 ul of T^T rabbi- reniculacy- a lysaca 2 ui of T^^fT reac^ian 
bufiar/ 1 ul cf T3 palymerase, 1,^1 1 mM amxno acide 

mi.:c-rua (minus methianins ) , 4 ui cf ^^S -methzcnine (>1000 
Ci/mmol, 10 mCi/mi), 1 ul af 40 U/ui;. PJ^asin' ribonuclsase 
inhiBi-ar, Q . 5 or 1 ug of PCK products. Nuclaase-f ree H-,0 
were added to bring the me ' to 25 ul . The reaction was 
incubau.ed a' 3 0='C far 2 'hours. Five microiit ar s of tbe 
■-iroac-ion produc- -vas. analyzed on a 4-20% gradient SDS-PAGZ 
ael . After fiicing .in "25% iscprapancl and 10% acetic acid', 
che .eel was dried and eicposed ca an X-ray film overnight, at 

70 ^'C . ' • , " . 

As shown in Fig- 6^ .PC?, products conu.aining the fuL.i 
lep.oth VE:Gr2 cDNA and tha cDNA missing- ■265 bp in the 3'' un- 
crensl<sr.sd region .(S'-UTF,) produced the same length of 
crans-laced oraducn s , whose molecular weights are estimated to 
be 3 3-40 d'/i (lanes 1 & 3)... The cDbTA missing all the 3 ' UTR 
and raissinc sequence encoding the C-terminal 3 6 amino acids 
was translated into a polypeptide with an estimated molecular 
weicht of 3a-3S kd (lane 2). ■ 
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SEQUENCE LISTING 



( I ) GENE?J^^ iNFORy-ATION : 

^ i ) AJ= ? LICANT : HU , ET AL . 

- (Xi) 

( ill) 
( iv) 



( vL) 



TITLE OF I>rrENTION: Vascular SndGrhsliai Growth 

Facuor 2 

troKBER OF SEQUENCES: 2 

COFJLESPONDENCE ADDRZSS : 

( A) i^DRESSEE: CARELLA. BY^E SAIN, GILFILI^, 

CECCEI, .STEWAP-T & OLSTEIN 

(5) STP^ET: 6 BECKER FAP-M P.Oi^J^ 

(C) CITY: . ?,OSELAND 

(D) STATE: NEW JEPwSEY 

(E) COUNTH-Y : USA ; 
(F.) ZZ^.: 07063 

COMPUTE?. P-EADASLE FQPV ; 

(A) MEDim^ Tl-PS: 3 , 3 " INCH DISKETTE 

(2) COi^UTE?.: IBM PS/2 

(C) O-PER-^.TING SYSTEM: MS-DOS 

(D) SOFr^ARX: WQP^ PEF^ECT S.i 

• CUFJ'^NT APPLICATION DATA: 

(A) APPLICATION miMEF?, : 0 2/207,5 50 
■ (B) FILING DATE: S M.APr:-: 1994 
, (C) CUi.SSIFICATION : 

??.IGR ii^PLlCATlON DATA: . 
* (A) i^PLICATION NUMBER: 
- (5) FILING DATE; 
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( viii) 



(3) RZGISTP-A.TION KtJKHE?.: 3.5,134 

(C) REFERENCE/DOCKET KUHEER: 325 30 0-143 

TELECOMKUKICATION t>tE0R2^-VT ION : 
(A) TELEPHONE: ■ 20 1-994*1700 
(E) TELE"A:C: 2Q-1-994-17 44 



(2) • INTQP-Mji.TXON FOR SEQ ID NO : 1 : 

(i) --.SEQUENCE CHARACTERISTICS 

(A.) LENGTH: 1525 BASE PAIRS 
(B) TYPE: NUCLEIC ACID 
(,C) .STP-ANDEDNES3 : SINGLE 
■(D) TOPOLOGY:. LINEAR 

(ii) ■ MOLECULE TYPE: , cPNA 

(:<i) SEQUENCE DESCRIPTION: . SEQ ID NO : 1 : 

-CAGGCCACG GCTTATGCAA GCAAAGATCT GGAGGAGCAG TTACGCTCTG TGTCCAGTGT 

.GATCAACTC ATGACXCTAC TCTACCCAGA ATATTGGAAA ATCTACAAGT GT.GAGCTAAG 

GAAAGGAGGC TGGGAAC^TA ACAGAGAACA GGCCAACCTC AACTCAAGGA CAGAAGAGAC 

T.^T.^:^-rT CGTGCACCAC ATTArAATAC AGAGA-CTTC AAAAGTATTG ATA.^-GAGTG 

CAGA-^:.GAC- CJ^TGCAXGC CACGGGAGGT GTGTArAGAT GTGGGGAAGG AGTTTGGAGT 

^^^^^C^C ACC-CTTTA AACC-CCA-G XGTGTCCGTC TACAGAXGTA GGGGXXGCXG 

CA.:.'rAGXGAG GCGCXGCAGT GCAXGAACAC CAGCACGAGC XACCXCAGCA AGACGXTAXX 

TGA.:^:.XXACA GXGCCXCXCX CXCAAGGCCC CAAACCAGXA ACAATCAGXX XXGCCAAXCA 

^^^^^^^^^.^ CGATGCA-GX CX?J^ACTGGA TGTTXACAGA CAAGXTCATT CCAXXATXAG 

ACG^XCCCXG CCAGCAACAC XACCACAGXG TCAGGCAGCG AACAAGACCX GCCCCACCA^. 
-^X^CAXGXGG A.^XAAXCACA XCXGCAGAXG CCXGGCXCAG GAAGAXXXXA. XGXXTXC..C 

ggaxgcxgg;. gaxgacxcaa cagaxggaxx ccaxgacaxc xgxggaccaa acaaggagcx 

GG^VTOAAG^.G ACCXGTCAGX GXGXCXGCAG AGCGGGGCXX CGGGGXGCCA ' GCXGXGGACC 

ccacaaag;.a. cxagacagaa acxcaxgcca gxgxgxcxgx aaa^caaa.c xcxxccccag 

CC^AXG?.GGG GCCAACCGAC AAXXXGAXGA AAACACATGC CAGXGXGXAX GXAA^^GAAC 
-TCCCCCAG.^ ^j:tCAACCCC XAAAXCCXGG .^AA.^XGXGCC XGXG^AXGXA CAGAAAGXCC 



SO 
■120 
130 
240 
300 
.360 

■ 420 
480 
540 
500 
SaO 

. 720 
730 

G 340 

■ 900 
560 
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.CGA^rcC TTCTT.W^.C C^.C.^CTT CCXCCACC.^ ..C.rCCACCT aXTACC^CC 



102a 
loao 

1200 



1220 
1330 

1500 
132S 



CCCA-C-AC. AC=CT"T=A CCC^^=AT- TCATAT.^GXG .^C;^G~TC 
XCC-r-GTGTC CCTTCATXTT GGC>^G?.CC ACAAATGAGC TAAGATtGTX CT=TX-TCCA 
TTTCTAXTAT GOAA^^^CTCT GTTGCCACAG XACA.^CTGTC TGTG^-.CAGA 
- ^CGG-CCAXG CXAA.CAAAGA CA.^GXCXG XCXXXCCXGA ACCAXGXGGA 12=0 

tLc--aca GAA-^XGGACX ggagcxcaxc xgcaaaaggc cxcxxgxaaa gacxggxxxx 
::,„_:-^,CA cc-^cagcc aagaxxxtcc xcxxgxgatx xcxxxaa^^g aaxgacxaxa 

CCACXAAAAA XAXXGXXXCX GCATXCAXXX XXAXAGCAAC AACAATXGCX 
^^CXcIcX GXGAXCAAXA XXXXXAXAXC AXGCAAAAXA XGXXX:^X AAAA.TGAAAA 
XXGXAXXAXA AAAAAAAAJiA. AAAAA ■ 

(2) INFOPrnXION FOP. SSQ ID NO : 2 : 

(■i) SZQUSNCH CEA?J!.CTE?-I3TIC3 

( A- >.. LENGTH: 3 5Q AxMINO ACIDS 

(B) T^r?S : AMINO ACID 

(C) ST?wANDEDKFS3 : 

(D) TOPOLOGY: ^ LINZAP. 

(ii) ' HOLZCuLE TTi=S: PROTEIN 

,SEQCJ£NCS DESCRIPTION: SEQ ID NO : 2 : . 

vaL Lvs- Tvr Pro Glu Tyr Trp. Ly3 Me- Tyr Lys Cy= Gin 
-'20 -13 
L^u Arc LV3 Giy Giy Tr? Gin His Aar. Arc Glu Gin Ala Asa Leu 
" ■ -5 1 2 

.sn A-c Thr Glu Glu Thr He Lys Phe Ala Ala Ala His Tyr 

" ' , 10 IS . _ 20 

Psn -hr Glu He Leu Lys Ssr He As? Asn Glu Trp Arg Lys Thr 

25 ■ 30 -33 

G^a CVS Met Pro Arg -Glu V^l Cys Il-e Asp Vai Giy Lys Glu Ptie 

40 =° 
Giv vai Ala Thr Asr. Thr PT.e Phe Lys Pro Pro Cys Val Ser Vai 

23 60 6= 

' Tvr Arc CVS Giy Giy Cys Cys Asn Ser Glu Giy Leu Gin Cys Met 

70 -5 ■ 
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,.sn ser -r Sar Tyr ueu Ser Ly. Thr Leu ?he Glu lie 
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90. 5 5 



v., P.o Leu ser Gin Gly Pro Lys Pro Vei Ttir lie Ser Phe Ala 

LQO 



... -.-^3 T^^r Ser Cys Arc Cvs Ser Ly. Leu Asp Vel Tyr Arc 

115 120 ■. - 125 

C..- Vai Fis ser He He Arc Arc Ser Leu Pro Aia Leu Pro 

■ .130 

CVS Gin Ala Ala Asn Lys T- Cys Pro T- Asn Tyr Kec Trp 
" 14.5 150 12- 

.sn -n Kls lie Cys Arc Cys 'Leu Ala Gin Glu A.p Phe Mat Pae 
ISO ■ . 165 170 

Se. ser As. Ala Gly Asp Aap Ser Thr Asp Gly Phe Eis Asp lie 

175 ISO 
r^,. P-o Asn Lvs Glu Leu Asp Glu Gla Thr Cys Gla Cys Val 



190 



195 • ■200 



cv. Arc Ala Gly Leu -c Pro Ala Ser' Cys Gly Pro His Lys Glu 
^2QS -210 = 



■Leu AS. Arg, Asr. Ser Cys Gin Cys Val Cys Lys Asa Lys Leu Ph 

- ^ 220 ■ • 

■p.o- S^^ Gin CVS Glv Aia Asn Arc Glu Phe Asp Glu Asa Thr Cys. 
" " ■ '235 ■ 240 . 245 

Gla CVS val CVS Lys Arc -Thr Cys Pro i^^c.Asa Gin Pro Leu Asa 
" ■ * 250 ■ 255 260 

o„ Glv Lvs CVS Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys 
' ^ " 265 

rvs Leu Leu Lvs- Gly Lys Lys Phe .Kis His Gla Thr Cys-Ser Cys 
-230 235 290 

■^n.,. A^a Arc pro Cys Thr Asn Arc Gla Lys Aia Cys Glu Pro Gly 

303 



295 300 



on» Se- TV- ser Glu Glu Val Cys Arc Cys Val Pro Ser Tyr Trp 
310 ■ 315 320 

Gin Arg Pro Gin MsC Ser • 

323 , . 
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I.. An. Lsolauac caLv—ucleo-ida e.-cccinc for VEGF2 , sai-d 

cGlvnucl.sauide seisc-ed from the group coasis-ir.g of 
aLvnucL2ard-i;£' eacoding far uhe V-GJ2 noiTpep-ide having the .deduced 

aju^na acid seguence of Fig^ars 1 or an active fragment, anaiogi^e 

or der-vative cf said poiypeptids; 
aivnuciaaoaki'B .en.c0d2.ng for the V^Gr2 polvpeptide having the ajnino 

■-acid secruencs encoded by the cDNA ccnnained in ATCC Depcsic No, 

7 5 593 or an ac-ive fragment anaiog^^e or derivative cf said 

polypeptide. 

2. " The polvnucieotide of Claim 1 wherein the polynucleotide is 
DNA.- 

3 . The polvnucieotide of Claim I wherein the polynucleotide is • 

FJmA... 

4 . The -polvnucieotide cf -Claim 1 wherein the polynucleotide is 
genomic DMA. _ " ■ ■ ' \ 

5. -The polynucleotide of Claim 2 wherein said polynucleotide 
encodes fcr V^Gr2 having th^ deduced amino acid -sequence of 
r igu-re i . 

■ 6, ■ The pclynucleotids of Ciiim-' 2 wherein said polynucleotide 
encodes far the ^/EGr2 polypeptide encoded by.nhe cDKA. of .ATCC 
Deposit No. 75593. 
. 7 . The polynucleotide cf Claim 1 having the coding sequence for 
v-EGy2 as shown in Figure 1-. 

a . The polynucleotide of Claim 2 having the codjing sequence 'for 
VEGF2 deposiced as ATCC Deposit ^^o . 75593. 

9. A vector concaining the DKA of Claim 2. 

10. A hos^ cell genetically engineered with the vector of Claim 

9 . ■ ' ■ 

11. ' A process for producing a polv'peptide comprising: 
expressing from zhe host cell of Claim 10 the polypeptide er^coded 
by said DNA . 

12 . A process for producing cells capable of ei-rp-ressing. a 
polytjeptide comprising genetically engineering cells with the, 
vector of Claim 9. 
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13, An i3ola--d DK-\ l-ybridlzabls to che DMA. of Claim 2 arid 
encadj.nc a pclypepcids caving V^GFZ ac-ivicy . 

Id i DO VDencide selaccsd from tine group coris isuJLng oz (i) a 
VZG72 ooivriep-ide having izhe deduced amine acid sequence of 
-iau^a i -and ac-iva f ragmen- s , analogs and derivatives zhersof 

^11'^ ^ VEGT2 polvp-ep^ide encoded by rhe cDNA cf A.TCC Depcsiu 
NO. 75698 '.and active fragments, analogs and derivanives of said 
pc Ivpep-fiide : 

15.' The poiypepiiide cf Claim 14 wherein the polypepTiide is 

hav:.ng che deduced amino acid" sequence of Figure 1. 

16- An antibady agains* the polypepiiide of claim 14. 

17. ^ An an-agonis- against the polypeptide cf claim 14. 

LS. A method far uhe trearment of a patient having need of VEGF2 

ccmnrising: administering to the patien- a therapeutically 

edfsc-dive amcun- of nhe polypeptiide of claim 14.. 

19.. A method for the treatment' of a patienr having need to 

innxbic comprising: administering nhe patient: a 

theraoeu- icallv eff ec-ive ..amount of an annagonisn againsc the 

po I'y'pep'iide of Claim 14. . 

20'. A .pharmaceui^ical composition comprising the polypeptide of 
Claim 14 and a pharTr.aceurically • acceptable, carrier. 
2 1.. The mechod of Claim 18 wherein said therapeu-ically 
effec-ive amount of the polypepnide is a'dministered by providing 
patient DKA encoding said ' po lypepcide and eicpressing said 
ool'/^eotide In vivo. 
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FIG. 3 

PERCENTAGE (%) OF AMINO ACID IDENTITIES 
BETWEEN EACH PAIR OF GENES IS SHOWN IN THE 

FLOWING~TABLE . 

PDGFa PDGF{3 VEGF , VEGF2 ■ 

PDGFa 

PDGFiS . 48.0. , , ' 

YEGF 20.7 22.7 

VEGF2 ;.- 23,5- - 22.4 30.0 



FIG .4 



EXPRESSION OF VEGF2 IN- 
IN- HUMAN BREAST TUMOR CELL LINES 

1 2345 6 789 




1 .NORM.AL BREAST 

2. BREAST CANCER 

■3-9. BREAST CANCER CELL LINES 
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gal! bladder 
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9. 
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liver 


10. 



lung 
spleen 
prostate . 
Hippocampus 
heart 



Expression of VEGF2 mRNA in human aduit tissues. 
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ovary 


6. 


lung 


2. 


testes 


7. 


spleen 


o . 


gaii bladder 


8. 


. prostate 


4.' 


kidney 


9. 


Hippocampus 


5. 


liver 


'10. 


■ heart ■ 



Expression of VEQF2 mRNA in human aduit tissues. 
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In vitro transcription/ translation 
of VEGF2 protein. . 



1 2 3^5 



200 kd 



97 kd 

69 kd. 
45 kd. 



W- '.z ■ _ 33-40 kd 



21 kd 
.14 kd 



Lane 1 : 14-C and rainbow M.W. marker 
Lane 2: cantror 

Lane 3: .VEGF2 (M13-reverse $ for-vard primers) 

Lans 4: VEGF2 (M13-ravsrse 2. VEGF-F4 primori?) 

Lane 5: • VEGF2 (Ml S-revsrse & VEGF-F5 primers) 
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Frr4 LIGAND A:VD METHODS OF USE 
FIELD OF THE IKVENTIOK 

for endothelial c-J,ls aad growth tactor .en=s. 

BACKGROUND OF THE IN^/BNTIOK ' 



neveloomttnial ■'rov^Mh. the remodelling and cegeaeratioQ 
De/eloptneniai . „owth, caa only occur 

helial ceQs ^ - , via vasculogenesis, 

blood vessels- are J° J vascular ire= .s ' 

>vh.^rEas the Eornaatioa ot the res^ oc , 
whereas tQe i-" |. vascular sprouting Erom 

,,0,.;, ff^ri^'^^tJ, 

- J J Biol Cto... 267:10931-IWjH"'->- . 

phosphorylated peptides -^^^^^^'^ ^.Crd S JorarV''.- 

and ciirbo^cvl-Lermmal sequences ot acuvaicu ' 

ttcfind receptors transduces aag.o.entc st.cnuU are. 
schcmaLiuaUy Shewn m FIG. L . invnived ■ 

Flbroblas. growth factors -^-^^^::Z^^ . 
. ;a the -^ulatton oUaS^Sen^^^^^ 

■ Fibrobla'st ..-rowih factors a^o sttmulaie tne pruuu.u.. . 

■ Both types have an aEntty Eor hepana and JCJ- ^ "f. 
fo hepL'in sulfate proteoglycans ta the ^"^eadotbeUal ex^^^^ 
cellular matrtx from whtch tt may S',^,^^;;^^ 
Heuarin poicmlatcs the stimulation ot endothelial cell pro 
Heparin puiv-i protecUQg agaiobt 

lifeotion by ingiogcaic FGFs, DolQ oy pc ' ^ • 



deaaturition aad degradatioQ and duspersmg the FGFs. 
Cultured endothelial cells express the FGF- L receptor out no 
sigfliacant levels of other high-affinity dbroolast growth 
facior recsDLOcs. 

Among other liginds for receptor tyrosine kinases, the 
platelet derived growth factor, PDGF-8B, has wea shown to 
be weakly aagiogentc in the chicic chorioallantoic mem- 
brane Risau, et al.. Growth Faciors,. /:26l-i6o (1992). 
Transfotrning growth factor a (TGFa) is an angiogenic tactor 
se-re'ed by several tumor cell types and by macrop cages. 
Heoatoc-/te growth factor (HGF),, the ligand ot the c-met 
prow.-oocogeae encoded receptor, is also strongly lagio- 

° Re-ent evidence shows that there are endothelial cell 
speeiflc growth factors and receptors that may b<: ptimarily 
esoonsible for the stimulatico of endothelial «'U--/; . 
diiecenuation and certain differentiated f^f 
studied of these is vascular endothelia . growth factor 
^^GF) a member of the PDGF family. Va=s=u.ar endothe- 
ial growth factor is-a.dimeac glycoprotein oc disulhde- 
nked 23 IcDa subunils, discovered because ot its mitogenic . 
actvuy toward endothelial cells and its abiUty .to induce 
vessel permeabUity. (hence its alternative name va^alar ■ 

permeabllkv factor). Other -P°^"==i=5-'=°r^f ^°^'"tf 
L mobilization of latraceUular calcium, the inducuon o . 
plasmiaogen activau^r and ptasmiaogea activator ^^^^^^'^ 
svmhests stimulation of hexose transport in endothelial 
cells and. promotion of monocyte migration in vuro. Four 
V^GF isoforms encoded by dist.nct mRNA splice vanaqts 
appear to be equally capable of stitBulating ="^°g""'^ 
endothelial cells. However, each has- a d^eren .aEni^ tor 
cell surface proteoglycans, which behave as ^<^,^ f^^^ - 
receptors for VEGF. The 121 and 165-ammo acid isotorms. 
of VEGF are secreted- in a soluble tot^. -^^'^"^ 
.^oforois Qf .l-39- and 206 amino acid residues f^-^^^^" 
surface associated and have a strong affinity for heparin. 

The oattera of VEGF expression suggests its involvemeat 
la me development and maiateaance of the normal vascular 
vstem and in tumor angiogenesis. Dunng murtne 
d- veiopmeat, the enure- 7.5 day post-coital (P-=;) 
exoresLs VEGF and ihe- ventricular aeuroectoderm pro- 
duces VEGF ai the capillar/ ingrowth stage. Breier ei at 
„ , 1 1 I f 199''^ On dav two of quail 

Development, LL4.3il-3^-> l.t^'-;- ^' ..<, >w^ii 

development, the vascularized area ot the yolk sa<. as weU a. 
t whole embryo show e.xpress.on of VEGF. 
co.thel.al ceUs ne.xt to [enestrated endothelia in adult m c. 
stow peUlent VEGF expression, suggesting a role la the 
Ste'nance of this specthc endothehal phe.notype and 

function. _ ^ ^u^.n,^ 

Two h«h affinity receptors for VEGF have been charac- 
terJ-ed Tnese are VEGFR.-L/TU-L (fms-lOte tyrosine kinase- 
n rnd'v^GFR-l.'Kdr/Flk-l (kinase insert domain conta^- 
n. recepto / ='al liver kinase- 1). Those receptors are 
a'ssSn the PDGF-receptor family but they have seven 
rather than tiVe immunoglobulm-like loons m their e.ttra 
rinmain and they possess a longer kinase insert th.n 
normally observed in this family- T^e "P«^^;^°-°;, ^^^^ 
receptors occurs- mainly in vascular endothelial c.lls 
aUhoueh some mav be present on monocytes- ano melanoma 
cl on "endothelial cells have been .-eported to prolaerate 
tn response to VEGF and endothelial cells from differ n 
ou^el Show different- responses. Tnus^ the signal meduted 
through VEGFR-l and VEGFR-2 appear to oe .ell type 
specitic. ■ . 

The Flt4 receptor tyrosine kinase is closely f^'^l^? '[J 
iiructure to the products of the VEGEi^-l andVcOFR-. 
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e-nc:^ Dcioiie this similanty. the mature form at FU^ dufers 
!ram the VEGF receptors la that iris pro tea IvticaUy cleav.ea 
in the extracellular domaLa into tv/o disulfide -Uaked 
polyoeatides. Pajusoia et ai. Cancer Re::.,. 52.5738-. /4o 
{i9^W Tae 4 5 and 5.3 Icb FU-^ mRNAs encode poLypep- : 
tides" which differ iD their C-iermmi due lo the use of . 
alternative 3' exoDS. The VEGFs do aot show, specihc 
biading to FU4 or induce its auLophosphorylatioa. 

£.-<oressiGn of FU4 appears co be more restricted thaa 
exoression ofVECFR-L or VEGFR^. The expression oc 
Flt4 arst becomes detectable by m sim.hybndizatioa tn the 
aneioblasts of head mesenchyme,, the cardinal vein, and 
exfraembryonically in the ailantois of 3.5 day p.c. mouse; 
embryos, '[a 12.5 day p.c. embr/os the FU^ signal is 
obser/ed in develoomg venous and presumptive lymphatic i- 
endothelia, but- arterial eadothelia appear negative. During 
•later Stages of development, FU4 mRNA becomes restncied 
,o dev.lopmg Lymphatic vessels. Only the lymphatic eadot- 
helia and some high eadothelial venules express Rt4 mRNA 
m adult human tissues aad increased expression occurs in 
lymphatic sinuses in metastatic lymph nodes and m lym- 
■ phaagiQcna. These results support the ihcory of the venous- 
origin oc lymphatic vessels. 

25 



. SUMMARY OF THE IKVErmOC^^ 
The present invention provides a Ugand for the FU4. 
receptor tyrosine kinase. In a prefenred embodiment, the 
U^and comprises a fragment of the amino acid sequence 
shown'in SEQ ID lMO:_33 which specitically binds to the .^^ 
FIl4 receptor tyrosine kinase. ' . ' 

Tne present invention also provides a precursor of an- FU4 
li^and. wherein the precursor comprises the ammo acid . 
•-sequence shown tn SEQ ID NO: 33. The precursor is. • 
proteolyticailv cleaved -uoon expression to produce an 
auproximately 23 kD peptide. which is the Ftt4 Ugand. In a. , 
preferred embodiment of the invention, an FU4 Ugand is 
. provided which is the cleavage product of the precursor . 
peptide shown in SEQ LD NO: 33 and which has a moLecuLar 
weight of approximately 23 kD under reducing conditions. ^ 
Th/Fii4 Ugand comprises approximately the hrsi ISO ammo 
acids shown in SEQ ID NO: 33- 

Also in a preferred embodiment, nucleic acids encoding 

■ an Flt4 Ugand precursor are presented. Due to the degcn- 
cracv.of the genetic code, numerous such coding sequences ^5 
are possible, each having in- common the coding of the 
amino acid sequence shown in SEQ ID NO: 33, or portions 
thereof. Ligand precursors accordlng.to the mventioa. whea . 
expressed in an aporopnate host cell, produce, via cleavage. " 

.a peptide which binds specifically to the Flt4 recepto; 50 

lyrosmc kinase. The nucleotide sequence encoding the FU4 
li-and IS within the nucleotide sequence shown m SEQ ID 
NO: 32. • 

Tne present invention also provides a cell line which 
produces an FU4 ligand. Tne Ugand may be purihed and 55. 
isolated directly from che cell culture medium. .Also pro- 
vided are vectors compr:sing DNA encoding the FU4 Ugand 
and host cells comonsmg tne vectors. Vct:Lorb aic capaulc ul 
expressing the FU4 ligand under the control of appropriate 
promoters and other control sequences. 60 
Lit^ands according to the invention may be labeled with a 
' detectable Label and used to identify their correspondmg 
receptors in situ. Antibodies, both monoclonal and . 
polvclonal, may be made against a Ligand of the invention 
according to standard techniques in the ari. Such antibodies 65 

■ mav he u.scd in dia-nosiic. applications to monitor 
au-iogeacsis. vascularization, lymphatic vessels and their 



disease states, wound healing, or certain hematopoietic or 
leukemia cells or they may be used to block er activate the 
FU4 receptor. Labeled FU4 ligand and anti-Bt4 Ugand and- . 
bodies may be used as imaging agents in the detection of 
lymphatic vessels, high eadotheiial venules, and Fit4 recep- 
tors expressed in histochcmical tissue sections. The Ugaod or 
antibody may be coviieatly or noQ-covaieatly coupled to a 
suitable supermagnecic', paramagnetic, electron dense, 
.echogenic, or radioacuve agent for imaging. Other, non- 
radioactive Labels, such as bio tin and avidin may also be 
used. 

Tne present uivention also provides diagnostic and cUni- 
cal applications for claimed ligands. In a preferred' 
embodiment, R*t4 ligands or precursors of the invention are 
used to accelerate-angiogenesis e.g.. during wound healing or 
to promote the endothelial functions of lymphatic vessels. 
Ligands may be appUed in any suitable manner using an 
aporopnate pharmaceutically-accsptable vehicle. Ligands • 
may also be used to quantify future metastatic risk by 
assaying biopsy material for the presence of active receptors 
or ligands in a binding assay or kit using detectably -labeled 
Ugand, An FU4 ligand according to the invention may ai'so 
be used to promote' re -growth or permeability of lymphatic 
vessels in, for example, organ transplant patients. LigandS' 
according to the invention may also be used to . treat or 
prevent inflammation, ' edema, aplasia of the lymphatic 

■ vessels, lymphatic obstruction, elephantiasis., and Milroy's 
disease. Finally, Rt4- ligands may be used to stimulate 
lymphocyte production and maturation and to promote or 
inhibit trafficking of leukocytes berween tissues and lym- 
phatic vessels or to- affect migration in and out of the thymus. 

Inhibitors of -the FU4 Ugand" may be used to control 
endotheUal cell proliferation and lymphEngiomas. For 
example, such inhib-itors maybe used to arrest metastatic 
growth or spread or to control other aspects- of endothelial 
"cell expression and growth. Inhibitors include antibodies, 
aniisense oligonucleotides; and peptides which block the 

■ FU4 receptor. 
DESCRIPTION OF THE DEl.AWINGS 

FtG. 1 is a schematic diagram showiag major endothelial . 
cell receptor tyrosine- kinases and growth factors involved in 
vasculogenesis and angiogenesis. 

FIGS. 2A and 2B show schematicaUy the construction of 
the pLTRFU4l expression vector 

. FIG. 3 shows schematically the construction of the bacu- 
lo virus vector encoding a secreted soluble Flt4£C domain 
■ FIG. 4 shows results of stimulation of FU4 auto phospho- 
rylation by ^conditioned medium from PC-3 csU cultures. 

FIGS. 5A-5C show that the lyrosyl phosphorylated 
poLvpeptide of Fll^^transfecied ceUs stimulated .with PC-3 
conditioned medium is the 125 kD Flt4 polypeptide. 

FIGS. 6Aand 6B show Western analysis of the FU4 ligand 
activity isolated from PC-3 conduioned medium. 
. FIG*. 7 shows results of gel electrophoresis of L^aciions 
from the Western analysis of Flt4 Ugand isolated from PC-3 
— medi'jLm. 

FIG. 3 shows results of Western analysis. of FU4 auto- 
phosohor/lation induced by either the FU4 Ugand.-V£Gr, or 
PIGF. 

FIGS. through 9C show the nucleotide and deduced 
amino acid sequence of the coding portion of FU4 Ugand 
cDNA 

FIGS. UJA and lOB show a companson .of the deduced 
amino acid sequences of PDGF-A, -B, two PIG F iso forms, 
four V'EGF iso forms and Flt4 Ugand. ^ _ 
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RG U shows ihe stimulation of autophosahor/latiOQ oc 
the FU4 receptor by conditioQcd msdium Erom cslls irins- 
fected >vuh the Fui-L c:cpi^ssion vec:or 

RC. 12 shows Northern bloiling laalysis of FU4-L 
(iiRi^A in tumor cell lines. 

DEXMLED DESCRIP'nOK OF THE 
■ iNVEiHTION 

The present invention is directed to Qovel growth tactors 
whtch are Ugands for the Rt4 receptor tyrosine kinase^ 
Catmed ligands are members of a family of plateiet^eaveo 
arowth faciors/vascuiar eadotheiiai growth tactors ■ watch 
promote mitosis and proUferatioo of vascular endothelial 
ceils ind/or mesodermal cells. Ligands recogoiziag the Ftt4 
recemor tyrosine kinase were paniied from a PCo prostatic 
adenocarcinoma cell line (ATCC CRLi4j5)- When appUed 
to a population of cells e.xpcessing the FU4 receptor,, igands. 
of the invention stimulate autophospborylation, resuUmg in 
receptor activation. The invention also provides inmbuorsot 
the FU4 receptor, including antibodies directed agamst the- • 
receptor. A" Ugand according to the invention may be coc.x- 
presscd as a larger precursor which is cleaved to produce the 
liaand. A coexoressed region in some coses results from 
alternative splicmg of RiVA of the ligand gene. Such a 
cQ-e.'tpressed regiOQ may be a function of ,the particular 
exoression system used to obtain the Ugand. The slciUed- 
drtisan undc-stands that in recombinant production of 

■ proteins, additional sequence may be e.xpressed- along wuh 

■ a functionaVpeptide depending. upon the particular recom- 
binant consimci used to. e.xpress the protein. . and subse-. 

■ quentlv- removed to obtain the desired Ugand. la some cases 
the recombinant l.gahd can be made lacking certain residues 
of the' endogenous/nanirai ligand. Moreover, it is well- 
known in that conser/ative replacements (nay be made in a 
protein which do not alter the function of the protem. 
Accordinglv. it is anticipated that such alterations are within 
the scope of the claims. It is intended that the precursor 
sequence shown m SEQ ID NO'. 33 is capable of stimulating 
the FU4 Ugand without any further processing in a manner 
similar to thai in which VEGF stimulates its receptor in its 
unprocessed torm. 

ThctolLowm- Examples UlusLfaLe-preterred ecnbpdimcnLs 
. of the invcnuca, wherein the isolatioa, characierizaiiGn. and 
funcLion of FU4 Ugands act:ordmg iQ ihc iavcnuon shown. 

-Prodiicuoa of pLTRFll4l ExpressioQ Vector 
ConstniCLion of the LTR-FU41 vector ls schcmadcally 
shown in FIGS. lA and 2B. T^e fuLl-lcagth FU4s cDNA 
CCcnbank Accss^ion No: X6S203) was assembled by tir^t 
subcLoning ihc S2.5 fragmeau repoaed m PajusoLa et aU, 
■ Cancer R<^i: 52:573tJ-5743 (1992), iacorporated by refer- 
ence herein, contaimng.base pairs 56-2534 of the FU4s into 
Lhe" EcoRl sue of the pSP73 vector (Promega. iVUUisoQ, 



Since cDNA libraries osed for screeniQg of FU4 cONAi 
did noi contain its most 5' pr.oiein-<:odiQg sequences, inverse 
*PCR was used for the ampUdcaiion ot the 5' end oc FU4 
corresponding lo Lhe drsi 12 amtao acid residues 
(MQIICAAJICLRLVO. PalyA+RNA was isolated from Lbe 
H£f cells and double-siranded cDMAcocy was synthesized 
usur- (he .Amersham cDNA Synthesis System Plus ku and a 
..„c specihc onmer: 5--TGTCCTCGCTC.TCCTTGT.CT^3 
TSEO ID NO 'l) whicb was located L95 bp downstream ot 
the 5^' end of clone S2.5- Double stranded cDNA was treated 



with T4 DKA polycnerase to bluat the eads aQd cONA.w.xs 
purified witfi Ceatricoa- IGG (A^icog Iqc, Beverly, Mass.). 
■ CircularizatioQ was made ia a total volume oif 150 ul: Tae. 
reaction mixmrc contained Ugation buffer, 5% PEG-SOOO, 1 
, mM DTT and 3 U of T4 D^fA ligase (New Eagiaad 
Biolabs). Ligation was canned out at 16'' C. for 16 hours, 
Fit'teea ,al of this reactioa mix was used in a staadard 100 al 
PGR reactioQ containing 100 ag of speciiic primers includ- 
ing Saci and PstI [-estrictioa sites, present in this segment of 
the Rt4 cDKA, and 1 unit of Taq DNA polymerase (Pertdn 
Elmer Getus). Two rounds of PGR were performed using 33 
cycles (denaturation at 95" G. for I minute, annealing at 55"' 
C for 2 minutes and elongation at 72** G. for 4 minutes). The 
PGR mixture was treated sequeatially with the Sacf and Psil 
J,, restriction enzymes and after purincatibn with- MagicPGR 
Preps (Procnega) DNA fragments were subcioaed into the 
pG£M3Zf(-^) vector for sequencing. The sequence obtained 
. cocrespoads to the 5' end of 'the Flt4s cDNAcloQe deposited 
- in the Gcabank Database as Acsessioa No, X682Q3. 

Toe sequence encoding the first .12 amino acid residues 
was "added to 'the eCTressioQ construct by Ugatiag aa SphI 
digested PGR fragment. ampliEed using reverse 
. trauscription-PGR of poiyA+RNA isolated from the HEL . 
cells usin*^ the o I igo nucleotides - ACATGC ATGG GAG- 
,5 gatggag GGGGGGCGGG GGGTGTGGGT GGGAGT- 
" ■ GTGG CTGTGGCTGG GAGTGGTGGA-3' (SEQ [D NO: • 
2) (forv/ard primer, 'Spht site anderiiaed, the iraoslatioaai 
start' cQdon marked in bold .follows an optimized Kozak 
consensus sequence Kozak,. Nucl. Acids Res. 15: 
3125-S148, 1987) and 5'-ACATGCAIGG CGCGCGGGT. 
'Cj<rCC-3' (SEQ ED NO: 3) (reverse primer, Sohf site 
underlined) to the 5' end of the S2.5 fragment, thus replacing 
unique SphI fragment of the S2.5 plasmid. "Hie resulting 
vector was digested wuh EcoRI and GUI and ligated to a 13S 
bp PGR fragment amplided from the 0.6 kb EcoRl fragment ■ 
(base pairs 3789 to 4416 in the Genbank X68203. sequence) 
-which encodes the 3' end of Flt4s shown in FIG. X of 
Pajusola et al.. Cancer Res, 52:5733-5743, 1992, using the 
oligonucleotides S'-CG G A.ATTC GG GATGACGGCAAGO'. 
(SEQ ID i^O- 4) (forward, EcqR.1 site underli ned) a nd 5'-G G 
aTGGaT GG ATCGTaGGTG A.AGCCGCTTT CTTO* 
(SEQ ID NO: 5) (reverse, GUI site underlined). Tne coding 
■• domain was completed by ligation of the 12 kb EcoRl 
fragment (base pairs 2535-3739 of sequence' X63203) into 
che'^above construct- The complete cDNA was subcioaed as 
a HindlU-GlaKblunted) fragmcot (this GUI sue was also 
included in* the 3' primer used to construct the 3'- end of the 
coding' sequence) to the pLTRpoly expression vector 
reported in Mikeli et al., C'ene. US: -293-294 (1992) 
50 (Genbank accession number X60230), incorporated by ref- 
^rence herein, using its HmdlU-Acc l(bluQted) restnction 

Tne long form of Fll4 was produced by replacing he 
3' -end of the short form as fodows: Tne 3' region of the FU4l^ 
cDNA was PCR-amolitied .usuig a gene specific and a 
pGEiM 3Z vector soccific (SP6 promoter) oLigonucleotiac ; 
5'-ATTTAGGTGAGAGT.ArA-3' (SEQ ID NO: 6) as revp^rse 
and for-vard primers, respectively, and an FU41 cQNAclone 
contaming a ^95 bp EcoRl Eragmcat extending downstream 
of the EcoRl site at nucleotide 3789 of the Genbank-XoS20j 
sequence (the sequence downstream of this EcoRJ site is 
deposited as the ru4 long form 3' sequence having Genbank 
accession number S66407). The gene specific oUgoaucle- 
otide contained a BaraHI restriction site located nght alter 
the end of the coding region. Tne sequence of that (reverse 
primer) oligonucleotide was 5 ' - G G AT G G AT 
GGATGC GGArGCTGCn'AGTAGCrGT3- (S£(>ID NO: 



3S 
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d,g«;ed wuh EcoRI ^"'i-S,!^^:;' "j! ' ^tic coding ^aa=nc=s 
d°-'^^^"'5°'o? had bin amoved by EcoRI-BacnHI 

Sft^S;icfx^3V03fb:cl< c«uU.g coas.n.=:. 

EXAiVlPLE 2 
P,oducuoa and Analyst of FIl41 Traosf.cxd C.Us 



10 



NTTKITI c-lls (50% coQflueai) were cotrans.e=:ted *uh i ^ amplified by PGR using me pnm=r i.-.^ 

N^WT^ cJ^ construct and 0.25 ,ag of the pSVlaeo . = r.r^r.r.ATCC AAGTGGCTACrCCATGACC-. 

uUng the DOtIp Uposome-based uaasfecuoa , ^ Ba^^HI (GGaTCC) cesmcuoc sue3, wh.cn 

SnrrBoe.-ing. ^.^w^r.^^^^^^^ ^^C^^^G^GT^i^^^VGCA^^^^^^^^^^^ fsHoU- U)". 

selection Bedta coQUm^g S/ ^^^^^.^.,,3i3,,at ceUa -° site (.AAG CTD is aaderiioed in primer 1335 

Crana IsUtid, ^^0- Cotoc _^ «Jes5ioa of ihe FU4 pco- ""^"^^/^ \^ die amplified region of the Fu4l 

Te'^ C :u Ver y^dt b^aiag lys. b.^-ontai^ag • " ^ p hi .ue^. ^"-""i^r.^St", 
3 3% SDf(scdi^m dode=yl sulphate). 125 mMTos pH^^^^^ ^^^J ^ Hindlll-Sphl Eragmect m '^l^/^-^f . f. 

i--*^^^^^'' of (he samoles were measured by the described immediately above (the hindlll sue is m 

Protein conceniratiooi oc ae .5 vector aescnDeu uii / ^ pLTRpoly pomon 



ID MO- 9 Sal! site underlined) and primer 1315 S^CGC 
^^CTAGTG ATGGTGATGGTGAT^^^^^^ . 
GATC-ATG CTGCCCTr.<r CCTC-y (SEQ D NO. 10 
BamHI sue underlined). .TTie sequence complemeatar/ to 
That of pamer 1315 contmues after the Fa4 r.eadu:g trame 
and encodes 6. hisiidine residues tor bmdmg to a N.-iNTA. 
coliimu (Qugea. Hilden, Germany), followed by - a stop ■ 
codoQ and an added Bam HI sue. Toe implmea.tragmeat 
WIS digested with Sail and BamHI and used 10 replace a 
umcue Sail-BamHI fragment in the LTRFrt4 vector shown 
in FIG 3. TUe Sall-BamHI fragmenl that was replacea 
encodes the Rt4 cransmembraae and cytoplasmic domains. 

Toe 5- end without the FU4 signal sequence =ncodmg 
region was amplified by PGR using the pnmer 13^^3 -CCi_ 
r-rr-f- J ir,Tr,r,rTACTCCATGACC-J 



each l/sate was anal-.^ed ^'^rj'f^^S-PAGE) and 

■'T:^:^^^^^^^^'-'-'^- BamHI site m the p^Bac plasmio . ^^^^^^^^^ 



ihe '3' iuaction ot ttie luicu wtii^ v^- t- — -^- ' 
of the vector the SphI site is b Flt4 cDKA). Tae resulting 
FU4EC n^ri was then ligated as a BamHI Eragmenl into.the 
SmHI Z m the p^A^ac plasmid as cl-io-d in Tes^^^^^^ 
.. ^ ;>n.-i-r-7 1 Q-i- ^1 QQn -incorooratecl by reccrent- 



nuri^cd by atKnitv chroraaLOgraphy asm-, ^ ^ ^ li-^eH 
repharos^'4B column. ^^rTtlTS^s"^ w fli 

di^olved in phosphate ''"^^^^.^^^^^ ii^.^on oTrabb.is at" 
Freuad's adjuvant and used tor immun .at^on o 

b.wceUy intervals "^I^S .^n^'f^.^' ^roTy Manual. Cold 
- (Harlow and Lane ^'^^^^'^-^.^/asT ^^^^^ were used 
Spring Harbor laboratory Pres^ g^^ Y^is^ ^^^ 

Rt4 were used for ligand stimulation analysis. 

EXAMPLE 3 

Expression and PunncauoG ot as . redact 
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citiL exiracsUuLar domain (EC) 
The consLniction ot an bU4 exir^uwu 

.aculovir^ vector, schematic.^ 

and a shcr, form, each being -^l^^-^^^^^^I^J^^" p^r^- 
comrol of the Moloney "^'l"^; to^^ qE the FU4 

t^oter. The nucleotide ^f^^^^^^'^^^^^^.^^^l Accession 
receptor Is available on ^t>%C".ank^.ta ^.^^^ 
No, X6rf2a3 and the specihc 3 ^^Smeni QC 
.DNAis available as Accession 

T^e cads of a cDNA segment ena,d,ng FU4 _e.ir^.^^^^ 

.omain (EC) were modified as foUow , T^^J^ /^^^ 
■ cDNA sequence (G^"'^^"^^^^^"^^^^^^^ 
;1:;;;r^uS"SG0lSS^0GGGG.ACr-^^ 



together with the baculovir^ genomic OKA mo SF-9 -^s 
tw lit^ofection Recombinant virus was puafied. amplified 
L'^d lor infectiocof High-Five 0--°^- ^ 
nteeo Calif) using methods standard in the art. lae ru- 
^ rac-Uula rdooiain .vas puafied from the culture medium 
« of the uifecied High-Five cells i^mg ^'^-^^^f^^^l^^Z 
mito-raphv according to manufacturers ins.rucuons 
To °iSr binding and elution of the oxHiS tag encoded in 
l?e COOH-t=rai,„l of the recombinant Rt4 e.uracellular 

domain. 

. EXAMPLE 4 . ■ ■ • 

' Isolation of FU4 Ugand from Conditioned Media . 

■ ,U4 Ugand accordmg to ^^e ^^--J^^. . 

erom IZ h^ L^lncanType Culture' 

noma cell line i-KLi -j-j u supolier lq 

CoLlecuoa aad cultured as fetal 
Ham's F-L2 NuiKeni mi.^ture (GIB(^) ^^^^^ ^.^ia,. 
calf serum. In order to prepare "^^ c.p 

\ .Z pr 1 c-lls were cultured tor 7 aays-in Ham s t U 
conftueniPL-3c-ll^ ve e ^^^^^ ^^^^^^ 

'^^^L".!.,"J;":".,S.w.n cLa'ed bv centnfugation at 10.000 

ciBcO containing 0.2'^ BSA. Tne cells were snmul t^ 
Luh the conditioned media for 5 mmutes. -^^^^^J'^^^VIp' ' 
■old PGS conialnlng ICO uM vanadaie and' lysed in Kif. - 
;°uSer (?0 mM Tr.%H 7.5, 50 mM ^f,a, 0..=.. sodium 
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dcoxvcholat.:, 0.5% Nonidei (BDH. Poale Eag and) 
0 r^ SDS 0 I U/ml A-protiniQ (Boctinngcr ManQceim . lOO 

The lvsat=5 were csairifugcd tor 20 annines ac Li,000-^g. 

uucrnaianis were Incubated for Z toucs oa ice wuh . 
ul of the amiser^m against the Fu4 C-iermmus aescnbed in 
Etamolc 2 aod aho ia Pajusola, ct al. Oncasene 8. 
',93-|_j79-7 (1993), incorporated by recereaci herein. 
' Afle'r a 2 hour incubition in the presence of ioti-FU4 
antiserum, protein A-Sepharose (Pharmacia) was adced ana 
tncubation was continued for 45 minutes with rotation The 
. mmrecipuates were washed thr« times with tbe 
^munooreaouation buffer and tvnce with LO mM Tns, 
^7 5 before analysis in SDS-PAGE. Polypeptides were 
rat^fe'ed 10 nitrocellulose and analyzed by Western blot- 
t ng using FU4- or phosphotyrosme-specmc antisera and the 
Ecl mcThod (/^ouersham International. Buc.kinghatnshire 
England), .^ti-phosphotyrosine caoQOclonal antibodies 
f anti-PTvr PY-'O) were purchased frotn Transduction Labo- 

• "dries (Le'ington. Ky'. Ia some cases, the hiters were 

■ restained with a second antibody atler stnoping^Tae stnp- 
. pvdg of the filters was done for 30 minutes at .0 C la 100 

■ 2-(iiercaptoethanol. 2% SDS. 62^ mM Tns-HCl pH 6. / 
with occasioaai agitatioQ. 

' ■ shown in FIG. 4. the PC-B c=Ll coadmoacd mcdmm 
sumalated cvrosme phosphor/latiOQ of a 1^ kD po vpcp- 
'^when FU4 expressing. KTH3T3 c=Us were treated wuh 
■ h. ^ndicaLcd preparations of oicdta lysed. aad the ysates 
were .mmaaoprecipttated w^ch ana-FU4.aac^eniai eoQowed 
bv SDS-PAGE, Western blotting, and staining- using anti- 
PTyr aaiibodies. The resulting baad was weakly p ho sp ho- 
ryUied upon stimulauoD with unconcencr-ated PCO coadi- 

■ cioned cnediucnHlane 2). Tac L25 tcD band cocBigrated wuh 
the tvrosiac phosphoryUted, processed torm ot the cnacure 
FU4 'trocn pe r/ an adate -created ceUs (coccpare Lanes . aad / 

• of FIG 4, see also FIG, 5A). Comigraiioa w-as .coaarrned 
upon restaiaing with anti-FU4 antibodies as is also snown m 
FIG 5A (panel on the right). Ia order to saow that the 1^ 
•VD polypeptide is not a con-specific compoaeat of the 

■ coaditioned medium reactive with anCi-phosphotyrosine 
antibodies, 15 ul of conditioned tnediutn was separated by 
SDS-PAGE, blotted OQ aitroceUulose. and the blot wab 

■ stained with anii-PTyr antibodies. No sigcal was obtained 

■ (FIG. 5B). Also, uncondU'oned cnedium tailed to stimulate 
FU4 ahosphorylation, as shown in FIG. 4, lane 1. 

AS shown in FtG. 4^ lane 3, stimaladag activity was 
considerably increased when the PC-S conduioaed cnedmm 
was concentrated tbur-foLd .usmg a Ceatricon-].O.concentra- 

■ tor (Amicoa). FIG. 4, lane 4,. shows that- prcitreatment ot he 
. concentrated fCO conditioned cnedium wuh SO ul ot the 

• FU4 extracellular dotnaia coupled to CNBr-activaced 
sepharose CL-^B .(Pharmacia; about 1 -^^.^^^^^ - 
domain/ml seoharose resin) cocnpletely aboUshed FU4 

" tyrosine phosuhorvlation. Similar pretreatment oHhe con- 
ditioned medium wuh ansubstituted sepharose^ did 
not affect siimulatorv activity, as shown in Ru.. 4, lane y 
Also, the dow' through obtained after concentration, which 
contained proteins of less than 10,000 cBOlecular weight did 
not stimulate FU4 phosphorylation, as shown in FIG. 4. lane 

" The toregoing'data show that PCo cells produce a ligand 
which binds to the extracellular domain of Fu4 and activates 
this receptor. 

■ EX.'^iVtPLE 5 
Purification of the Flt4 Ligand 
Tae Uuand expressed by PCO cells as charac:eP>ed iQ 
E-amolc'3 was purified and isolated using a recombinant by 
produc=d FU4 e.xiraceUular domain in attini ty ^chroma to gra- 
phy.' 
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Two har/esis of serum-free conditioned medium, com- 
prising a total, ot, 2 L were collected from 500 confluent 15 
cm diameter culture dishes coctaining coniiuent layers of 
PC-3 cells. Tnc conditioaed medium was clarified by cen- 
trifugation at iCOOOxg and coaceatrated 30-cotd using an 
UUrasette Tangential Flow Device (Fiitron, Nonhborough, 
Mass.) with a IQ tcD cutocf Omega UlLrafiUration membrane 
according to the manufacturer's instruction. Recombinant 
FU4 e.-ctracellular domain was e.xprcsscd in a. recombinant ' 
baculovirus cell system and purified by affinity chromatog- 
raphy on Ni-agarose (Ni-NTA aSnity column obtained from 
Qiagen). The purified e.xraceilular domain was coupled to- 
CNBr-activated- Sepharose CL-4.B at a. concentration of 5 
mgfml and used as an affinity matrix for ligand affinity 
chromatography. 

Concentrated conditioned medium was incubated with 2 
ml of the recombinant FU4 extracellular do main .Sepharose 
affinity matrix in a rolling cube at 'room temperature tor 3 
hours. .All subsequent purification scepis were at +4** C. .The 
affinity matrix was'then transferred to a column (Pharmacia) _ 
with an inner diameter of l5 mm and washed successively 
with 100 ml of. PBS and 50 ml of 10 miVt iVa-ohosphate 
buffer (pH 6.S). Bound material was eluted- step-wise wuh 
100 mM glvcine-HCI, successive 6 ml elutions having oHs 
of 4.0,2.4, and 1.9. Several 2 ml fractions of the eluate were 
collected in tubes containing 0.5 ml L M. N"a- phosphate (pH 
S.O). Fractions were mixed immediately and dialysed m 1 
mM Tris-HCl (pH 7.5). Aiiquots of 75 ul each were analyzed 
for their ability to stimulate tyrosine phosphorylation of •.- 
Flt4. The ultrafiltratc," LOO ul aiiquots of the concentrated 
conditioned medium vbefore and after ligand affinity 
chromatography, as well as 15-fold concentrated fractions of 
material released from the FU-4 extracellular domain- ' 
Sepharose matrix during the washings were also -analyzed 
.for their abiUty-to stimulate Flt4 tyrosine phosphory latioa. 

. .As showQ^iQ FIGS. 6A and 6B, lane 3. the concentrated ' 
conditioned medium induced prominent tyrosine phospho- 
rylation of FU4 in transfected iMTH3T3 cells overexpressmg 
Flt4. This activity was not obser/ed m conditioned medium 
taken after medium was exposed to the FU4 Sepharose 
affinity matrix described above (lane 4). Tae speciicolly- 
bound FU4-stimulaiinu material was retained on the affinity 
matrix upon, washes, m PBS, 10 mM Na-phospbaLc^buffer 
(pH 6'.3). and at pH 4.0 (lanes. 5,-7, respectively), and it was 
elutcd in' the firs't two 2 ml aiiquots at pH 2.4 (lanes 3 and 
9). A furttier decrease. of the pH of the elution butfer ma not 
cause release of additional FU4-sLimulating material (lane 

Small aiiquots of the chromatographic fractions were 
concentrated in a Speed Vac •<^oac^:iir^ioc {S^^^^ni 
Farmlngdale, N.Y.) and subjected to" SDS-PAGE under 
reducing conditions with subsequent silver stauimg- ot the 
ael AS shown m FIG. 7, the. major polypeptide having a 
molecular weight of approximately 23 tcD (reducing 
conditions), was detected in the fractions f^'^J^'''^ I^^f' 
stimulating activity (corresponding to lancs 3 and 9 m HU. 
6). Tnai polypeptide was not found^in the other ^^^''0^^^°- • 
(jfapnic fractions. On uic uUici liafi^, c:..-r -C.-- — 
detected in the two active fractions were also distnbutea m 
50 -the starting material and in small amounts m the.oitaer 
washing and elution steps after their concentration. Similar 
. result's were obtained in three independent affinity 
purifications, indicating that the 2J''<D polypeptide specifi- 
cally binds to FU4 and induces its tyrosine phosphorylation. 
6i Fractions containing the 23 kD polypeptide were 
- combined, dried in a Speed Vac concentrator and subjected 
to SDS^PAGE in a 12.5% gel. The proteins from- the gel 
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wer. ib« .kc-.roblcUed 10 tmmobiloa-P (PVDF) (nosfer 

bv stuimnu of ibe blot with Coomassi<= blue R.:.iO .ac. 
^eVcc coaum,ng only th. summed 23 baaa wa. cue trocn 
he bloc aad wo^ subjected lo N-i=rioiaal 

(IpolLcd B.o/ysiems. Foster City. CaUf.)^ Tae data were 
aCaWz-d using a 6iOA Data .'^alysb Systetn (AppUed 
^^iosyste^s). 'Analysts revealed a^n.le M-te^mtaa^ 
sequence of NH,-XEETlKF.^A.^Yb)TeLK-COOH (SEQ 
ID NO: L3). 

EXAMPLE 6 

Construction of PC-3 Cell cDKA Library in a. ^ 
Eukaryoiic E;cpression Vector 

Poly.A-RNA w^. isolated Erocn fiVe 1.5- cm diameter 
confluent dtshes of PCO cells by a single step aaethcd using 
oUgo(dH (Tvoe III. CoUaborattve Research) «li'-i°^«=:-fV 
S cbrocnatography (Satqbrook et al.. Molecular Clon^g A 
Uboratory Manual; Cold Spr-txtg Harbor laboratory Pre^ 
l<)i9) The yield ■.vos TO.i.g -Six ug oc the poly-A*RNA was 
iLd to prepare an oltgo(dT;-pruiied =DN A library in the 
^"tnmalLn expression vector pcDKAl and the Libran- ^t 
of Invitrogen according to the STnde- 
Icii The Ubrarv was- estimated to contain about LO mde- 
pendent recombinanis with an average insea size of appron- 
.cnaiely. L.3 ccb,". . . • , " ' 

EX.'^iMPLH 7. 

AinplLftc.tion of the Unique Nucleocide S^queace 
Encodiag the FU4' Ligixnd 
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■ Degenerate oligonucleotides were desigtied b^ed on the 
N-Ccrminal acn.no'acid sequence of the^olated FU4-Ug.ad 
and w«re used as primers in a polymerase chain reacuon 
(PCR) lo arapUfy cDNA encoding the FU4 ligand from a 
PC-3 cell library. 

The PCR was carried out "osing 1 ,"g of DNA from Ihe 

...lifted- PC.3 CDNA ^^^^^^i:;;:^^^^} 
ur mcrs comprising 5 -CjCAURt^Ui-^.r^v-v 
(SEQ ID NO: ^4) (wterem-R is Aor G. ^ i^.^^.C or Tacd 
H IS A C or t>. encodiag amino acid residues 2-<5.(EETlK. 
■«:pn 'in NO- 15") and aatisease -strand primers 
' GC^vT?NARDATYTCNGT-3' (SEQ ID NO-. 16) 
("wherein" Y is C or T and D is A. G or ^.-corresponding to 

7, ,, iq/TPir vr SEO ID NO: 17).-Three 
am no acid residues 14-13 (TtlU'^.atn-j.iJ I y i ^ 

= .ua nucleotides (GCA) were added to the i -terminus ot 
each primer 10 increase annealing stabiUty.. Two successive 
PCR runs were earned out using I U per reaction ot 
DvnaZvme, a thermostable DNA polymerase (F-^OOf- 
Finnzymes). m a buffer supplied ^V^\f^T'T%n- 
mM Tris-HC!. pH 3.3 at 25° C.l.i mM MgCU,.bO cnM 
riCl. U.-L% Truon-.KIOO) at an e.^ension temperature ot 7 
C The first PCR run was earned out for 43 cycles^The first 

.u ...n ;.nn.-.:ilinB icmoeralure 3j C. tor ^ 

minutes 'and the'rema.ning cycled were run at 42" C. for L 

Tne rcg^oa of the gel contamLng a. weak band .ot the 
cxuccied (57 bp) wa. cut out trooi the ge and-eluieo. 
Thc cluicd rnaicrial was reampUiied tor .0 cycles osmg the 
He pcmer pa.s descnb.d above at 4^ C. for cn.nute 
■ The amplified fragment wa:s cloned mto a pCR- II .vector 
(lavurogen) using the TA .ciocung ku ( nvurogen) and 
Uuenced usine the radioactive didcoxynucleotide sequenc- 
ing method ofianger. St. clones were analysed and all 
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CGQtauied the seaueace encodiag the expected peptide 
(ammo acids Z-lS'ot' the FU4 ligand precur:ior). iMucieotidc 
sequence spanning the region t:rom the third nucleotide of 
codon 6 to the third aacLeotlde oc CQdoa.L3 (the extension 
re^jion) was identical m aU six clones:- 
5'-^CGCTCCAGCACACTACA^ro'(S£Q ID NO: 13) 
and thus was coasidered to represent an ampUfied. proauct 
Erom the unique sequence encoding part of the ammo 
terminus oc the Flt4 ligand, 

EXAMPLE 3 

Amplification of the 5' -end of the cDKA Encoding 
the Rt4 Ligand^ 

Based on the unique nucleotide sequence encoding, the 
N-^erminus of the isolated FU4 ligand, two paics oE nested, 
pnmers were designed to ampLiiy in two subsequent PCR- 
ccacuons the complete 5'^ad of the correspondmg cDNAs 
Erom- 1 ag of DMA from the above -described PC-3 cDKA 
Ubrarv ' pirsu amplincation was performed with pnmer 
S'-TCNGTCTTGTAGTGTGCTGO* (SEQ ID NO: L9).. 
which IS the antisense-strand primer corresponding to ammo 
acid residues 9-L5 {.^JKKWTE. SEQ ID NO: 20) and , . 
sense -strand -pamer. S'-TA^^ACGACTCACTAIAGGG-} . 
(SEQ ID NO: 21). corresponding to the T7 RNApromoter ot 
the pcDNAl vector used for construction of the library. 
'^Touchdown" PCR was used as disclosed in Don, et ai., . . 
iVucl Acids Res.. L9: 4008 (1991), mcorporated by reference. ■ 
herein- The anacalidg-temperature of the cv/o drst cycles was 
6^" C and subsequently the anneaUng temperature was' 

■ decreased in every other cycle by 1^ C until a hnal tern- " ■ 
perature of Sj'' C. wis reached, at which temperature 16 
additional cycles were carried out. Anneaaag ume as 1 ■ 
minute and extension at each cycle .was conducted at 12 C- 
for 1 minute. Multiole amplihed, DNA fragments were 

■ obtained in the first reaction. The products of the hrst 
amolification*tl ul of a 1:100 dUution in water) were used m 
the^ second ampUEcation reaction ^^iploymgihe nested 
pnmers r-GTTGTAGTGTGCrGCAGCGAATTTo' (SEQ 

' ID NO- ^'^) an antisense -strand primer correspondmg to 
ammo acid residues ^13 (KF.A^AHYN. SEQ ID NO: 23) 
oc the FU4 ligand and. 

5'-TCACT<rAGGGAGACCCAAGC-3' (SEQ ID NO:.24), 
a sease-strand. primer corresponding to nucleotides 
T179-U99 of the pcDNAl vecior. The sequences of these^ 
Icnsc Ind aniisense primers overlapped -with the 3' ends of . 
the corresponding primers used in the hrst PCR. "Touch- 
down" PCR was carried our by decreasing the anneaUng . 
temperature from 72^ C- to' 66^ C. and continumg wuh 13 . 
additional cycles at 6^ C T>ie annealmg time ^^^^^f^'^^ 
and extension at each cycle was carried out at 7 C- tor - 
cnmutes. One major product of about 220 bp and three minor 
l^roduc'^ of aboul 270 bp, 150 bp. and 100 bp were obtained. 
The amplified fragment of approximately 220 bp was cut 
ss out from the agarose gel, cloned mto a pCRil vector using 
theTAclomng kit (Invurqgen) and sequenced. Tnree recom- 
binant clones were analysed and they contamed the 

5'!TCACT.'^AGGGAGACCC,^GCTTGGTACeGA^ 
,o' CGGATCCACTA. GTAACGGCCGCCAGTGTGGTG- 

■ n - -TT^- ^ -^rrrATn ACTGTA ^ 
.. CTCTACCCAGA.<rATTGG.AAA-AjG iAC.A.-\GTGTcAG 

■ •CTAACGC.A.A .^r- 
• ' GGAGGCTGGCAACATAACAGAGA.ACAGGCCAACC 

65 TC/i^CTC.A-AG ,^ ^, ^„ 

0ACaG.^.AGaGaCTAT.^.^uATTCGCTGCAGCACAC1 

AC.^AC-3' (SEQ ID NO: 25)". The,, beginning, of the 
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sequence reo resents 'the pcDN^i vector and chc ande rimed 
scqueac. redrescais Che atnpiiaed product Qt che o^ad of 
the insert Tae ATC codoQ located upstream QC ihac sequence 
,n the same reading ^ame -is followed by an open reading 
frame coQtainmg the ampUfied produci of the putative signal 5 
sequence and the first Lj amino acid residues of the secretea 
Flt4 Ugand. 



EXAMPLE 9 

.^mpliiicanon of the j'^ad'of cDMA Encoding the 
FU4 Ligand 
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Based upon the amplified S^sequence of the clones 
encoding the FU4 Ugand, two pairs of non-overlappmg. 
nested prime.^ were designed to amplify the j'-poaion-oc the 
clones The ' se n se *s t r a n d primer 

5'-ACAGAGA:A.CAGGCCA'\CCO' (SEQ ID NO: 26) and 
antisense-strand pruner 5'.TCTAGCAnTAGGTGACAC- 
3* (SEQ ID MO:. 27). corresponding to nucleotides 
7-^11-2329 of the pcD.NAi vector were used in a first 
-touchdown" PGR. The annealing temperature of the rcac^ . 
tion was decreased T C- ever/ two cycles iirom ir' C. too2 ■ 
C at which temperature 15 additionai cycles were carried 
out. The annealing time was I minute and extension at each 
cvcle was earned out at 72" C. for 3 mmutes. DMA frag^ - 
ments of several sizes were obtained: in the first amphaca- 
tion. Those products were diluted L:200 Ln water and ream- 
plified in' PGR using, the second, pair of primers. 
5'-A.^GAGACTATAAA.^TrGGCrGGAGC.3' S^^^^ 
NO: 2S>and 5'-CCCTCTAG.ATGC,ATGCrCGA-y (SEQ ID 
"no- 29) (antisense'-strand primer correspoodrng to aucle- ' 
Qtidcs 2279-2298 of the ocDNAl vector). Two DNA frag- 
ments were obtained, having sizes of 1350 bp and 570 bp. 
■ Tnose fragments were donbd.into a pGRU. vector and the 
inserts of the clones were sequenced. Both of these frag- 
ments were found to contain sequences ^encoding an ammo 
acid sequence, homologous to the VEGF sequence. 

EXAMPLE 10 40 

Screening the PC-3 GeLl cDNA Library using the 5' 
PGR Fragment of FU4 Ugand cDNA 



from the Library. Plasmid DNA was purified from these 
colonies and analysed by EcoRI and Not! digestion and 
agarose gel eiectrophoresis followed by ethidium bromide 
staming. Tne tea plasmid cioacs were divided into three 
groups QQ the basis of the presence of insen. sizes ot 
.approximately- 1.7, 1.9 and '2.1 '^b, respectively, inserts of 
plasmids from each group were sequenced using the T7 
oligonucleotide as a primer and walking primers tor subse- 
quent sequencing reactions. ' 

Sequence analysis showed that all clones contain the opep 
reading frame encoding the NH2 -terminal sequence of the 
FU4 ligand. Furthermore, the 2.1 and 1.9 tcb clones also 
couLaihed sequeac-s encoding the signal sequence. Toe 5' 
end of the 1.7 kb clone began within the signal sequence - 
encoding portion. Dideoxy sequencing was contmued using 
walking primers in the downstream direction. t^Ji 11-40 
nucleotide ponion of the sequence of the longest, clone is 
-shown In FIGS. 9A through 9C (SEQ ID NOS: 32 and 33). 
As can be seen in that figure, after the putative signal- 
sequence the open reading tramc terminates in a TAAstop 
codon 317 amino acid residues .^r the r downstream from the 
signal sequence. When compared, with sequences in the 
GedBank Dat'abasc, the predicted protein product of this 
reading frame was found to be homologous with the pre- 
dicted 'ami no acid sequences of -the POGF/^"£GF family of 
growth factors, as shown in FIGS. lOA and lOB. 



A n9 bp S'-tcrminal fr.aement of FU4 ligand cDNA was 
amplified by PGR usmg the 5' PGR fragment described 
above and primers 

5 • -GTTGTaGTGTG GTG G AG G G A.ATTTO' (a at isense - 
strand primer. SEQ' fD NO: 30)- -and 
5'.TCaCT.ATaGGGaGAGGGAAGG-3' (SEQ ID NO: 31) 
(sense -primer corresoouding to nucleotides 2l79-2i?9 ot 
the pcDNAl vector). The amolified product was subjected to 
digestion with EcoRI (Boehringer Mannheim) to remove the 
oortion of the DNA sequence amplified ^om the pcDNAl 
• vector and the resulting 153 bp fragment encoding the 5' end 
of the Flt4 ligand was labeled wuh [-^-Pl-dGTP using the ^. 
JOenow fragment of £. coli DNA polymerase I (.Boehniiger 
Mannheim)., That [ragment w,i^ used_as a probe for hybrid- ■ 
ization screening oc ttie amptLded rv_-3 ^^cu ^i^..r^ uu.a.;. 

Filter replicas of the library were hybadized wuh the 
radioactivelv labeled probe at 42° G. for 20 hours m a SQ 
solution-containing S0% formaraide. 5xSSP£, ^xOenharct s . 
solution; 0. i% SDS and 0.1 m^'ml denatured salmon sperm 
DNA Filters, were washed twice in U<SSG. 0.1% SDS for 
30 minutes at room temperature, then t^vlcc for 30 minutes 
at 65" G. and exposed overnight. 65 

On the basis ot auior:idiograDhy. 10 positive recombinant 
bacterial colonics hybndizing wuh the probe were chosen 



"EX-AMPLE U ■ 

Stimulation of FU4 Autophosphor/lation by the 
Protein Product, of the Flt4 Ligand Vector 
Tne 2.1 insert of the FU^L clone in pcDNAl' vector -" 
containing the ooen reading frame, encoding the. sequence 
shown in RGS. 9A through 9C (SEQ IV NO: 32) was cut 
■ out from the vector using Hindlll and Nod restriction 
enzvmes, isolated from a preparative agarose gel andligated. 
' to the corresponding sues in the pREP7 e:cpression vector 
(Invitrogen). The pR£P7 vector containing the above cloned 
insert was transfected into 293-EBNA cells (Invitrogen)- 
using the calcium phosphate transfectioo method (Sambrook 
et at.. Molecular Gloning, A Laboratory Manual; Cold 
Spring Harbor Laboratory Press. 1989). About 48 hours after 
' transfection the medium of the transfected cells was changed 
to DMEM medium lac'rdng fetal, calf serum and incubated 
for 36 h. The thus conditioned medium was then collected, 
centrifu^ed at 5000:<g cor 20 minutes, the supernatant was 
concentrated 5-fold using Ccntriprep lO(Amicon) stimulate 
NIH3T3 cells. expressing LTRFU4L. as in E.xamp.Le 4. Tae ■ 
qelU were lyscd, immunoprecipitated using anti-Rt4 anti- 
serum and 'analysed by ^Vestcrn blO:tt-ing using anii- 
' phosphotyrosine antibodies. 

.Ai can be seen from FIG. U. lanes 1 and 3, the condi- 
tioned medium from,, two different dishes of the transfected 
cells stimulated Flt^ autophosphorylaiion in comparison 
wuh the medium from mock-transfecied cells, which gave 
only background levels of phosphor/latioo of the FU4 ^ 
receptor (lane 2). When the ooacentrated conditioaea 
medium was oreabsorbed -.vuh 20 /U of a slur of FU4EG 
domain couoled to Scpharose (sec'exatiiplc 4), qo phospno- 
r/latioo was obtained (lane. 4), showing that the activity 
responsible tor bU4 autopnospnoryiauon was indeed i'uc 
Flt4 Ugand. Tnus, these results demonstrate -that- the FU4-L 
plasmid vector clone- having an approximately 2.1 kb insert 
and containing the open reading frame shown in FIGS. 9A 
through 9G is expressed mto a FU4 ligand in cells transfected 
with the FU4-L expression vector clone,, and thus is biologi- 
callv active. Tne sequence encoded by that open reading 
frame is shown in SEQ ID NO: 33. Plasmid pFLt4-L has 
been deposited with'thc .American Type Gulture Gollection, 
12301 Parkiawa Drive, Rockville. Md: 20852 asjiccession 
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^h.. 97-^-1 ^ base pair aucleotid.: sequence acd 

Qumocr y /— 'L '■^ nFth;; '-DNAiasenoc this 

deduced .mmo ac:a "^J-d ^^^^^ 34 and 35, 

P.O.. produ. deduc^d e.. ^ 

and the FU4 ^gand trocn PC . c-U ^ ..^^diuoos. 

enaie ™'-'^^^,V''='^f ^^,'^4 mRMA oi^ b= d^i translated 
[t .s thus possible, ha^ f^^^tie mature tigaad ts derived by 
into a. precursor. ""^f^^^^^ ^ observed oioleca- 
proteolyttc cleavage. Tae ditte^ ^^^^ ^^^^^^^ 

Ur weisbt ot [^^..-^.^Xlo c; open reading frame of the 
. molecular weight ot ^^^^^^^ J, sequences In tbe 
FU'tUsaad sequence "'^'y the nt4 .Ugand 

carboxyl lertiimal region of '^f f""^,'^^;^ .ivcosvtatlon 

sites conforming to the (N-residues 
ihe deduced FU4 Ugand ammo acid sequent ^[n 
underlined in FIG. lOA). , ■ . 

T^. carbcxyl terminal amino =5 

■ terminal amino actd sequences. ; . ■' ,^ , 

llius the FUd mRNA may be drst ' translated mto a 
l^ius, ine ru cbrresoonding to the Fit4.L 

precursor u„-„d ^ derived by pro- 

• foWuc^ravI^^^T^ delTneTe miture Rt4 Ugand product. 

■ ■■■^^°ii:d^rgrer::eT^^^^^^^^^^^^ p-.-:; 
. amino ^^^^^^^ 

rvL-r i.u:>ivj H wtrr.F hn mo lo sous- do en am ot t*U4 

,he Flt4 Ugand in ^ ' "^J.^fieaii otHhe ce 

NW-termmal sequence ot me (.arQo^yi = 
Uows for Identification of the Pro'«°'y''= P.^°"^,"'=^^ 

X^V ■ ^ ^ -u^ -ilr^^ced muus^ficsis ot inc amino 
Thi^ is conurrncd 0 V laUc-uuet-wca mu.t.u.5 

2d residues adjacent to the cleavage site, -vhicn would 
prevent the cleavage. 



On the other hand, the Flt4 Ugand Is character^sd by 
□ roeressive 3' deletions -in the 3' coding sequences of the 
FU'T ligand precuisor clone, resulting m .arbox-y-iermmal 
truncations of Its protein product. Tae activities of such 
S truncated forms are asaysed by, for example, stuaymg.. d4 
autopQOSi:horvlation Induced by the truncated proteins wnea 
aoolied to culwres ofceUs, such as iVIHjT3 cells expressing 
LTRFU4. Bv extraoolatioQ from studies of the structure of 
the related platelet" derived growth factor (PDGF,. reference 
10 Heldin et il.. Growth Factors 3. 245-252. 1993) one deter- 
mines that the region critical for receptor activation by the- 
Fit4 ligand is contained within its lirst approxunaiely 130 
:' amino acid residues. " ' ' 

On the other hand, the difference between, the molecular 
15 weights of. the puriaed UgaoQ.and the open reading frame ot . 

the Fu4 precursor clone may be due to the fact that the. 
. soluble ligand was produced from an ^^^-^^^'^^ '^'f-^^. 

mRiVA which would also be present m the PC-j cells, cram 
, w£ch the -eclated Ugand was denved^ To -l^te sucn 
20 ilteraative cDNA clones-one uses cDNA fragments o£ he 
denosited clone and PGR primers made accordmg to the 
seaueace .provided as well as techniques standara ^ th=^ 
o "isolate or amclify alternative cDNA3 from the PC-, cell 
cDNA library. One may also amplify usmg reverse tcan- 
15 scnotion (RT)- PGR directly from the PC-3 mRNAusmg.tbe 
pnmers provided m.the sequence of the Ftt4-L c lone^ 
Alternative, cDNAs can be sequenced from the resulUng 
cDKA clones. One can also Isolate genomic clones corre- 
sponding to the Flt4-L transcript from a human genomic 
30 DNA Ubrary using methods standard In the. art and to 
sequence such clones or the'ir subcloned fragments to reveal 
■ the corresDondiag e.xons. Alternative exons can then be 
- iSeatiaed by a number of methods standard in an ^u-h 
-as heteroduplex analysis of cDNA and geaomic DNA and 
35 they can subsequently be characterised. 

EXAMPLE 12 



Expression of the Fli4-L Gene 
Expression of transcnpts corresponding to the FU4 Ugand 
*" was analysed bv hvbndization of Morthem blots containing 
Rotated poly A^RNA from HT-1080 and PC-3 human tumor 
cdl tes. -Se probe was the radioactively labelled insert o 
the ^ 1 kb cDNAclone (specific activity 10«-W' cpm/mg of 
■ ■ DNA). Tne blot was hybndized overnight at 42 C. °^ /^^^S 
*^ i0% formamide, SxSSPE buffer. 2% SDS lOxDenhardts 
solution. 100 mg/ml salmon sperm DNA and IxlO cpm of 
he labelled probe.'ml. "Hie blot was washed at r^m ^em^ 
perature for 2x30 minutes In 2xSSC coQtaimng 0;0:>% SDS 
Ld then for 2x20 mul at 52' C. in 0-l^<f SC -ntaining 0^ % 

SDS. The blot.vas then ^^^-^^^^^''^^ S^t:,^^, . 
uslci^ laLeosifying screens and Kodak uim . 

Uaes'.. pressed an FU4 ^^^-^-^^^^.Tr 
well a:s VECF lad VECF-B mRNAis (FIG- U). 
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3EQUEMCZ LISTIilG 



(ill) NUMBER Of SEQUENCES: 35 



(2) 111 FORMAT ION ?oa SZQ CO ' ■ 

' ii) SEQUENCE CHARACTERISTIC J : 



17 
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— c cat; i riue d. 

(A) uZMGTH: 20 baae ?a- 
(3) TV?£: nucieiC aCi<i 
(C) STHAWDEDNES3 : singi* 

(0) , tOPQI-QG'/: Linear 

■ tii.) mgCZCUIJ: TYPE: DMA t^enoialc) 
(Xi) SHQUENCZ OESC^I^i:iQ^'^ ScQ ID NG: 

'rGTCC::CGCT aTCCTT.GTCT 

(2) .I^IFOEU^TXON FOR SEQ'tD NO: 2: 

(i) .SEQUENCZ CHARACTERISTICS: . ■ - 

(A) LENGTH: 70 oafie pairs 
(.3). T'/P^: nucie-i-c acid 
(C). STRANDEDNE33 : alr.qia 
( 0 ) . TOPOLOGY : Linear. 

(il> MOLECULE T'i2£: DMA tqenomlc) ' 

■ ' t.D-.SEQUE^lCE 0ESCaX3TtON: SEQ. ID NO: 2: ' . 
ACATGCATGC CACC^TGCAG CGGOGCGCC. CGwTGTG^^. G^ 

gactcctgga 

ID rNFORMAT-ION FOR SEQ 10 MO : 3 : ■ ■ ■ ^. . 

(i'l SEQUENCE CHAPACrER.I3T ICS: 

(A) LE>lG-rH: 2 4 base pa^^s - . ■ '■ 
( a.) ■ TYPE : auerleic aCJ-d - .. , . 

. (C) STRAWnEDtiES-S : sing.Ia - ■ ^ 

■ • (O)- TOPOLOGY: Linear. ' . . ■ 

(ii) KOLECULZ TYPE: DMA (cgecicttiic) " - 

^xi) SEQUEJICE 0E3CRI3TION: SEQ ID NO: 3: 
ACATGCATCC CCCGCCCGTC ATCC 

(2) INFOR^LATION FOR SEQ ID NO: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 basa pai-ra 

(B) TYPE: nucleic aCid 
(.C) STRAWDEDNESS : ainqLe 

• ( D ) .TOPOLOGY : Linear 

(ii) MOLECULE TVPE: ONA (qenanLic) 
■ "c^i) .SEQUENCE OESCRIPTlOti: SEQ ID NO: 4: 
CCGAATTCCC CATGACCCCA AC 

(2) aiFORl-lATIQN ?0R SEQ ID WO : 5- : 

(i) SEQUENCE CHARACTERISTICS: 
• (A) LEWGTH: J J base 9a:.r3 
(3) TYPE: aucLaic acid 
(C} STRAWDEDNESS : ainq Ls 
( D ) TOPOLOGY : Linear 

Ci-L) MOL^CUUX. w"^^- • 

t-xi) SEQUENCE OESCRIPTioN: SEQ ID NO": 5: 

CC^VTCGATGG ATCCTACETG AAGCCGCTTT CTT 

^ { 2)' r^iFORMATIQN FOR SEQ ID NO: 5: • 

(1) SEQUE^JCE CHARACTERISTICS: 

(A) LENGTH: 17 base P^"^"^ 

( B) TYPE: nucleic aCid 



70 



22 



33 



(D) TOeOt-OGV:- Linaai: 

ATTtAGG-rCA CACTAXA 

(2) OFQEWATta^ FOR SEQ ID NO : T : " . . 
SEQUENCE CHAJRACT2EXS.TXCS: 

(A) uSllGTH:. 3 J. base- oa:.r3 

(B) tY?£: nucieic acid 

(C) STEUVMDEDNESS: 3V^gi.« 
(□). TOSCC*OGT: 'Linear 

. ■ SEQUE.ICZ 0E3C:aIPTIQN: SEQ tO NO : 7 : . • , , 

CCATCCATG^ ATCCCCATGC TGCTTAGTAC CTGT - 

LiiFORnAixoM roa seq io tto: a: - . ■ . 

' (i) ■■sequent CiiABACTEKlSTICS: - _ - . 

(B) TYPE: amino- =iCia 

(C) 'STaAWDEDNESS: 3:.l\ql.« 

(,0) TOPOLOGY:, linear ■ _ .. . 

■ ■ HOLECU!LE T'1P£: 

■ ■ SEQUENCE 0E3CaXPTI0»:. iEQ 10 NOV 9 : • / ' 

...... T.V--- - =^-!r 

■ I.e.. .e/v..L Se. gU CX. P.e 0.. GX. XU C.. Se.A. 

20 ■ . . '■ . 

HI. Arq GLa Glu 5er Gly 

(2) INfQW^ATION FOR SEQ XD NO: 9: . 
SEQUENCE CHAKACTESIST ICS: 

■ .. (A,. Length: ii 

(3) TYPE: aucLai-C acid 
(C) STRAW D EON £3 S: atngLe 

tO) TOPOLOGY: Linear . . 

tU) HOLECULE TYPE: ONA tge^^-^-^^l ' - . ■ 
SEQUENCE OESCRXPTXON: SEQ - ID MO : 9 : ' 
GTGGACTCCA CTTGGCGGAC T 

(2) CNFQflMATlON ?OR SEQ NO : I Q = 

J SEQUENCE CHARACTERISTICS: 
^ r_£x,r.TH bO- base pa^ra 

TYPE: nucIeLc acrd 
lO STRANDEDNES3: 3:.nqle 
(Q) TOPOLOGY: iinaaC 

ll:.) MOLECULE TYPE: ONA (qenca:.c) 

SEQUENCE OESCRIPTXON: SEQ XD NO: 10: 

^, ^-^C TC-^%x:CTTCG ATCATGCTGC GCTTATCCT 

CGCGGATCCC TAGTGATCGT CATGG .GATG .C-^C 

(2) IMFORKATION FOR SEQ ID MO = L I • 
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(A) L£:iCrrH; J--* 'a«se pa-ra 

(B) TTPE: nucleic ac-d 
(G) 3TRAWD£DN£SS-: 3iaqi« 

(•0) tOPQLOG'i: linear ■ , 

rtOL£CULZ TYP£: DNA (genomic) 
ScQU£..CZ.0ESCHlPTrOM:-5£Q ID NO: Li: 
CCCAAGCTtC GATCCAAGTG GCTJ^ZTCCAT GACC 

(2) r^iFo'RKATION ZOR SEQ ID NO: 12: ' ^ 

(i) SEQUEUCS CHWlACTEfllS-rtCS: , 
(A) LSHGTH: 2C3 base paJ-CS 
' (By TYPE: nucleic ac-d' 
(CI STSUUNDECNESS: ainqle 
(D) TOPOLOGY: Linear • 

rtOLECULZ TYPE: QNA (genanLic) • " . 
(xi) SEQUENCE 0ESCni3TrQN: -S£a. ID MO: 12: 
.OTTGCCTGTG ATGTGCACCA 

(2)' ruFOS^lATXQN for' SEQ ID NO: 13: 

: ' iLl SEQUENCE CHA^UVCTEaiSTICS: -. • ' . 
■ (A) LEIIGTH: .affLL.^° aCJ.cl3 . 

■ ( B-) TYPE; irnlaa ■ acid ■ _ ^ 

' ' (C) ST?JV^0EDN-S3S : .sinqle 

"(0) TOPaCOCY: li^etiC 

(ii) MOLECULE TYPE: peocide 

' (-xi) SZQUE^ICE OESGniTTiatl:- SEQ ID NO: 13: ■ 

, ^u' ri^ TVS P^B Ala Ai^ Ala His Tyc Aan Thr GLu Ii 
Xaa Glu Glu Thr He Lys P..e la ' ■ ' 



C^eu Lys 



12, rMFOEWATIQN cOP- SEQ ID MO : 



L4 : 



(i) SEQUENCE CHAJlACTEaiSTICS: 
(A) LENGTH: 1 7 base pai.r3 
(3). TYPE: nucLelc ac-d 
(CI STRANDEDMESS : aiaqia 
(0) TOPOLOGY: ilneac 

(ii'l MOLECULE TYPE: ONA (genomic) 
(xi) SEQUENCE OESCaiPTION: SEQ ID NO: M:^ 
GCACARGAi^Ji. C^IATHAA 

(2) :nFOBJ^TION for SEQ id NO: L3: 
(I) SEQUENCE CHAilACTESlISTICS^ 
(A> LENGTH: 5 artu.no aCi-S 
(3) TYPE: amino ac::.d 
(C) 3TRA£JDe;uc«ci^ - 
(0) TOPOLOGY: linear 

(ii) KOLECULE TYPE: ONA (gencmic) 
Cci) SEQUENCE' DESCEIIPTIQN: SEQ ID NO : 15: 
Glu Glu Thr Ii« 



C) tNF0EU--ftTION FOR SEQ ID NO : . L 5 : 
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(A) tJIllCTH: la base pa-r3 
(3) TV9£: aucieic ac^d 

(C) STaAWDEDNESS : aintjla 

(D) TCPOLCGf: Li-iear 

ttOLECULS TYPE: ONA (ganam^^) 
(Xi) SEQUE^iC^-OESCail'TlON: SEQ ID «0 : .U = 
GCAITTTIAaD ATiTCHGT 

. 12-) l^FOBKATtON FOR SEQ ID^MO: U: 

(i, SEQUENCE CHASACTZniSTlCS:, 
■ * (A). [-ENCTH-: 5 ^nalftO . ac id^ 

(B) TVPE: ijuni.no acid 

(C) . STrUVifOEDNESS: single* 
t,0)- TOeCLOGY: . Linear 

MOLECULE TYPE: peptide 
t^lO SEQUENCE OESCaiPTIGN: SEQ ID MO: l7: 

Thr Glu lia t-e^ 



|M ' I^ifOa^^ION FOn SEQ ID N0:>3: / - 

(i) SEQUENCE CHAaACTEaiSTXCS: ■; ■ 

- .(A)- LENGTH:- 22' base oa^ra 

{BV'TYPE: nucisic acid 
(C) SXaANOEDNESS: single; 
•(D) TOPOLOGY:- Linear 

■ V (.Lii MOLECULE- TYPE: DMA ( genamic: ) . 

(Xi) SEQUENCE description: SEQ ID NO: 13: . 
A-rrCGCTCCA GCACACTACA' AC 

(2) INFORMATION FOR S^Q ID NO: 1.9: 
(r) SEQUENCE CHAa^C-:ERI3T ICS : 

I A) LENGTH: 1.9 basa paJ-rs 

(B) -TYPE: clucLaic acid 

(C) STRAN0EDNE3S: sing-la ^ 
(0) TOPOLOGY: linear 

tii) MOLECULE TYPE: DMA (genomic) 
(-.i, SEQUENCE OESCIIIPTION: 3 £Q_ I0.NO:-l9: 
TCACTCTTGT AGTGTGCTG 

(2) INFOtU-iATION- FOR SEQ-ID NO: 20: 
(M SEQUENCE CHARACTSaXSTICS: 
' (A) LENGTH: 7 araino acrds 
^3) TYPE: imino acid 
(C) STRAN0EDNES3 : - sing ls 
(Dl TOPOLOGY: linear 

•(ii> MOLECULE TYPE: peptide 

. cc^). SEQUENCE OESCaiPTIOM : SEQ ID NO: 20: 
Ma Ma His Tyr Asn 'Thr, Glu 



(.-2) IllFORJ^TION VOR SEQ ID NO: - 
(L, SEQUENCE CKARACTEEIISTICS : 
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(A) LZ^lCTH: 2Q base 0ai.r3 
(8 1 TYPS: nucleic aCid 
(C) STaAHOEDNESS: a^^qle 

^U) i^OL£CUL£ riSE: DNA (qetiomic) 

(2, INFORnATXOM FOR 3HQ ID NO: 22: 

U)' SEQUE^lCZ CHAjaACTSaisTICS: . . • . , 

• ■ (A) LZNGTH: 2* base pa-r3 

(-3) TTfPE: aucieic acid . 

(C) STEIANDEDNESS: Sing la 

ID) iroeOLQCY: linear 

rtaLECUL£ T^PSrONA (qefloai^c) _ 
- SZQUE^>CZ OESCar^-ION: SEQ XD; SO : 22: : - 

■ G-nCTAGTrGT GCTGCAGCGA Aim: 

■■■ (2,) IMFOR^TION. FQr'sEQ XQ NO: 2 2:- 
. (U SEQUENCE CKAflAClEalSTICS: 
• (A) uE^lGTH: 9 ^misiQ^ '^^c^^d.e 

( 3 ) E : aHLLno AC Ld • ■ 

■ -(.C)- STHAWDE3>*^23: single ■ . . • 

^ - (D) TQSaLOGY: lin^C" - . ■ 

(ii). rtOLECUU: X^3E: aepijide . ' - _ ;■ 

■ SEQUENCE DESCRIPTION: SEq'iD NO: 22: . 

Lys Phe Ai.. AI=^ Ai.. His Tyc Asa 

(21 I^IFOaMATION FOR SSQ 10 NO 2^ • 
(il SEQUENCE CHA5ACTEP.I3TICS: 
(A) LENGTH: 2L base pairs 
(3) TYPE: aucleLc acid 
■(C) STaANOEONESS: sinqis. 
(0) TQPQCOGY: LlneiC" 

(Li) MOLECULE WE: ONA igenomic) 

SEQUENCE QESC^IPTICN: SEQ f NO : 2 . : 
TCACTATACO .GACACCCAAC C . . 

(2) ' rMFOEWATION FOa SEQ ID NO:' 2S : 
(L) SEQUENCE CHAi^ACTE^iSTICS: 

(A) LENGTH: 219 base . . 

(B) T'iPE: nuclaic acid 

(C) 3T:IAW0£0NESS :" single 

(0) TOPOLOGY: linear . 

^ ^vnff. riNA laenoniic) 

.c^~^..oc o^^cc^ =-«^-« =^"^'='^^ "^'^''^^ • 

■ ;.=^=..X .==^=-- =..C^=- CTCT^CC- ...A-CO^ .— ^ 
- CTGGCAACAT AACACAGA^ AGGCCAACCT CAACT.CA^ 

. ;«.AGAACACA CTi^TAAAATT ==CtOCA==A C^CTACAAC _ , 



SO 
L20 
13Q 
21.9 
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(M SZQUEMC^ CHAKACTEaiSTXCS: 

(A) L£>lt7tH: I a baae pa^ra 

(B) TYPE: naclaic acid 

(0) TOPOLOGY: Lineac 
(^1) MCL£CULE T'/3E: ONA (gencniic) - 
tKi)- SEQUENCE 0ESC:II2TIQN: SEQ ID NO: 2S: 

ACAGAGAAC.\ GGCCAACC 

^2) FORMATION FOR SEQ' ID MO: .2"^: 
SEQUEIICZ CHAflACTZaiSTlCS r- 
(A) GEllGTH: L9 base aaxra 
(3) TTPS: aiicielt: aCid 
(C) ' STRAMOEDNESS : single 
.(0) TQPaLOGY: linear' 

(ii) MOLECULe't'-'SE: ONA (genomic) 

(Xi! SZQUEMCE □E3Cal?TXQ>»: SEQ ID MC : 27: 

T.CTAGCATTT AGOTCACAC 

(21 aJFORKATICW FOR 3EQ IQ NO: .23: 

■ ■ (i-l S EQUTMCS GHAaACTHalSTIC2 : _ / 

(A) -uZllCTK: 25 base p^i^a . - ^ 

(ar TYPE: nucLaic acid • ■ " 

. (.C) STEIAWOEONESS: singia , ^ 

(0) TGPOCOC^: Linear 

(ii) MOLECULE TV5E: DNA. (gencoiic)- 

txi) SEQUENCE OESCHIPTIQN: SEQ ID NO: 29: 

. ■ 25 

AAGAGACTAT AAAATTCCCT GCAGC ... 

(2) mFORnATXON FOR SEQ 10 : 29: ^ 

(i) SEQUENCE CHAilACTEarSTXCS : 
CA)- LEJIGTHV 20 base pair 3 

(S) TY?£: rtucLaic aCid ■ ■ . , 

•(C) STSAHOEOflESS : sinqie 
(0) TOPOLOGY ; Linear 

(Li) rtOLECULE T-rSE: ONA (genomic) . - : 

(:<i) SEQUENCE DESCalPTXQN: SEQ ID NO: 29: . 

■ " , - , 2Q 

CCCTCTAGAT GCATGGTCGA 

(2) IMFOeWATION FOR SEQ ID WO: 3Q: 

(i) SEQUENCE GHAilACTERlSTXCS: . . . ' 

(A) - LENGTH: 2 4 iaafie pairs 

(B) TYPE: nuc Lsic acid 

(C) STRANOEOtiESS: ainqLe 
( Q-V TOPOLQGV : Linear 

tLi) MOLECULE T^PE: ONA (genomic) 

(.i) SEQUENCE QESC;iI3'riON: .SEQ ID NO: 30: 

■ GTTGTACTGT GCTGCAGCGA ATTT 

(2-) r^*FQEW1-ATXQN FOR SEQ 10 NO : 3 L : 

(1) SEQUENCE CHARACTERISTICS: - 
' (A) LENGTH: 2L base pairs 



29 



US 6,221339 Bl 



30 



—Gon-claued 



GTA CTC 



GLy Gly 

■ IQ 



O) WE:, nucleic ac-d 
(C) STRJ^DEDCIESS: 3J.ngie 
(0) TOPOt-OG'^: Linear 

, SEQUENCE OESCai^TtC: SEQ tO : U: 
TCACTATAGG GAGACCCAAG C 

•r..FOE^TXON FOR sEQ . ^^'^ 

• ( i , SEQUENCE CHAilACTESlISTlCS : 

■ (3) rn-E: ciucLeic aci.d 
(C) STSlAtlDEDNESS: 3:Lngie. 
t.O) TOPOLOGY: linear 
(ii) MOLECULE ONA ('gencalc ) ■ . 

■ { ix) FEATTJRE: ' . - 

(A) MAM£/:<S'i: COS ■ - 

^- r^^-r-T^r-p'^TON: SEQ ZD NO: 32: 

.;^;«.TrAC OCTCTOTCC =A<=«T^« = fj, 

: .\ ■ ■ ■ ■ , 1 . . 

^ ^,'r- iif TGT CAG GTA AGO AAA- 
■ GAA TAT TGG AAA ATG TAC AAG TGT CA .^^^ 
GLu Tvr-Tro Lys Met Ty= Lys C/a ciL 
LQ ' _ ■ 

r;ir GC- AAC CTC AAC TCA AGG ACA 

. . ^ ■ X 

' . 25 ■ , 

^-^ rjvT TAT- AAT ACA GAG ATC TTG 
TTT GCT GCA G^A CAT TAT AAi 
Lys ?Ke Aia Ala Ala H^S TyC Asa THC ^ 

" 90 ' 

. C;.G TGC ATG .AC ACC AGG ACG AGG TAG CTC AGG AAG 
GLa Cys -Mec Asa the Sec Thr S*r Tyr 
LOS ■ 

*^-T. ^li mC CCC AAA- CCA GTA 

e t:. i^^ 

CCC- c^c «:x .c= .0= ==. - - tl! 

Ail Asn His The S« C/a Arq 

1:1. .140.. . 

rr-r i^i^rCT TCC CTG CCA CCA 
CAA GTT CAT TCC A^T ATt AGA CGT tC ^ ^ 

Gin ^ai- Hla- Sar Ii« IJ-^ ^^^5 - . 

^ AC'- -^CC CCC ACC AAT TAC 

' TGT CXG CCA GCC AAG AAG A - - -^hr Asn Tyt 

Cys Gia. Aid Ala Asn L/s Tnr u/ 

L85 



TAC CCA 
Tyc Pea 
' 5 ■ 

TGG ,CAA 
Tr?- Gin 



GAA GAG 

Glu Giu 
■ 35 ■ 

AAA ACT 
Lys Sec 



ACT ATA 
The lie 



. ATT GAT 
tie Asp 



GTG TGT 
Val Cys 

TTT AAA 
Phe Lys 



ACT GAG 
Sac Gla 
■ LOO 



ATA CAT 

I la Asp - 
- 70 

GCT CCA 
Pea Pea 
35 

GOG CTG 
Gly Lau 



ACG- TTA 
Thr Lau 
L-L5 



TIT GAA 
She Giu 



'ACA ATC 
The lia 



ACT TTT 
Sac Phe 



GAT GTT 
Aao Vai 



ACA CTA 
The Leu 



ATG TGG 
Met Trp 

lao 

TTT TCC 
Phe Sec 
195 



TAC AGA 
Tyc Arq 
LSQ 

CCA CAG 
Pea Gin 
LS5 

AAT AAT 
Xan Asn 



TCG GAT 
See Asp 



■54 



L0 2 



19 9- 



29 4 



390 



43a 



532 
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32 



-continaed 



.rz rAT GGA ^-C GAT GAC ATC TGT GGA CCA AAC 

CO- CCA GAT GAC TCA ACA GAT ^ ^. ^ ^, ,^ 

AU Giy Asa Asp sec Thr Asp u y ^ 
2QQ . 

_ ^^r-* rr.T GTC TGC AGA GCG GOG CTT 

- S S S 5ti ?S S; 5: ... «. - 

ii5 



220 



r-A rr-^ CAC AAA GAA CTA GAC AGA AAC TCA TGv. 
CGG CCT GCC AGC TOT GwA CAC 
Arq eca Aia Sec Cys Gly ?CO H-S -/ 



lii <--C 'TTC CCC ACC CAA TGT,GGG GCC AAC 
C.^G TGT GTC ^ ^ ^ ;t;e Pr. Sec Gin Cys Gly Ala Asn 

GLa Cys v^i'Cy« Lya Asn. Lya Lcsu 
250 

.r- ira TC- CAG TGT GTA TGT AAA AGA ACC TGC 
CGA .GAA riT GAT GAA AAC ACA TG^ CAG ^^^^ 
Arg GLa She Aao Glu Asa TUc C/a 
2S5 

' ■ • ^-a AAA TGT GCC TGT GAA TGT ACA. 

1- '^^^'^■^ - tto ^.^^-^^^ 

. .^Z cc. -^^ - t^t-^ ^ v.i s= o^' 

Giu 5ec Pcc Gia Lya Cya Leu ■ Lau Lya ^ y y^ , 

rr- r-^'-^T ACG AAC CCC CAG AAG GCT TGT 
ACA TGC AGC TGT TAC AGA CGo C.A • Lys 'Ai. Cys 

The Cys Sec Cya Tyr Acg Arg 3-o C/a .n^ . , 



35.5 



J2a 



, — *rrT CGT TGT GTC CCT 'TCA 

cc. «A rrr ..3 ^ ^ f^t-c^ t^l v.l.P.o sec 

GLu :?co Giy Phe Sac Tyr ^ec '-i-^ -j^O 



3:0 



■ ^-rr ir^ TAAGATTGTA CTGTTTTCCA GTTCATCGA 

^AT TCG AAA AGA .CCA CAA ATG AGC TAACATT^ 

Tyr TcpLys Acq Pco-Gln Hec Sec 

:<t5 ' 



TTTCTATTAT GGAAAACTGT G1.-G 



72S 



774- 



az2 



87 0. 



IQS2 



LILS 



(2) ]:iiFOPJ-J>.TiaN- FOR SSQ ?D NC : 3 3 ; . 

(^1 SSQUENCI CHAilACTSaiSTICS: 

tA) LZ^iCTH: 3 50 AflLina aC-ds 
{Bl TY9£: ataiao <acid 
(0) TOPGLCG';: Lineac 

. (ii.) rtOLECUU: TVS£: Qcaneia 

(.i, ScQUEMCZ OSSCnlPTION. SZQ ID NC : 3 3 : - ' 

... T.C V.I Tyc .c. GLU Tyc Tcp Cy. He. Tyc Ly. Cys GLa .eu 

L ^ ■ . ■ 

«,-..s H.. =LU =.n .1. .sn C.u S.--. 

- .... c.u .... .^.^ '^^ ^'^^ 

3 5. " • • . 

n.i Tro- Arq Lys The GLn Cys We^ ?-o 

■ rie Lau Lys Sec iLe Asp Asn Glu .rp Arg uy 

' 50- 55 . . 

. ./-I Civ CVS GLu She Giy Vai AL^ The Asn 

Vca* -y- • 75 au 

70 • 

vai Sec Vai Tyr Arg Cys GLy GLy Cys 
Thr 9He 9he Lya P co ?rQ Cys V^iL Sec / 

.92 ■ . 

. r cm CVS rtet Aan The Sec The See Tyc Leu 
cya Asn Ser GLu GLy Leu GLn C/s «e ^, ^ 

LQQ. • ' . 

- ^, -1- -H- 7a' Pro Leu Ser GLa Giy 5co Lys 
See Lv6 The Leu "Phe GLu Ue vh. ^a- 

. ' LL5 . ■ . 



65 



Pco VeL Th 



, ae S.-- She HI. Tnr Sec Cy. Ac, C/. Sec 
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„ia r.« CV. AT, C-/S Lau *ia Girl =lu .Asp 

Lao . 

V.1 C-/S A., Ai. 01. Leu A., A-. ser . 

. .r,,.cv« CVS C,y= Asn CyB C.au Phe 9ro 

• Lau Asp-AX, ABO sec CyB Gin C/s ^ ,55 . , 

' - ■ Gia Pha ASP GU Asn.Thr Cy» Gia Cys 

ser Gin. Cys Gly Ale Asrl Arq Glu P^^ .P 

2SQ ■• - • 

a«n GL-a P-a Ceu Asn 9ca Giy L/s • 
Vel-.Cys Ly, AT, Cys Pca AC, AB. Gl. P-O . 

cys -.Ale Z .0.. cys-..r Clu Ser Pro Gl. .y. - .eu .ys ,ly 

Gi;.y.A.CysGlu.r=Gly P.e Ser Xyr Ser Glu OU .el 
CVS AT, cys Vel P" Ser Tyr Xrp Cy? at,. 



(2)- lyVoRMATION FOa SEQ NO : 3 4 : _ 

* * I A) L£>1GTH: 199 7- base p^-rs 
(S) ftUcLeiC acid 

(.iij rtOLECULZ TVPE: cDNA ^ . 

(A) NArt£/-KZY: COS 

■ . SEQ.S..CZ OESCarPtlON: 3EQ !□ NO: .4: . 

..-.^ACACCG ACCCGOACCG CGGCGGCGTC CTCCC-CCCC 
CCCGCCCCGC CTCTCCAAAA AC^tACACC. AC 

CXCGCTTCAC C.CGCGGCC. CCGAATGCCC GOAO^TC^A TGTC,^ . - 

^—.C-CCGG CACTGCCTGO GACGGCGCCC tCCAAAGTr 

TTTTACCtGA CACCCGCCOC C^--C ^ 

--^^^r— ^ — T rc^ZCAGGOG GGGTCGCCG 
„^„--^-,rC CGCTCCCGCC GCCTCC-v-v-T CGv— 
. GGAACGCGGA GC^CCGoACC C-s- - _ 

^-^,3r-- r^-CCCCGGCC XCGCAGGGGC GCCCGCGC- 

GACGACCCCG ^di.^^.^^ ' 

^r—arrrc^G GTCCTTCCAC C ATG CAC 
CC..CCCCTGC CCCCGCC^GC GGACCGGTCC CC-AC.CC. G ^. ^ 

• r-f -CT -^C-Z CTG CTC. GCC GCT GCG CTG 

XTG C-2G GCC TTC TTC TCT CTG G^. - -^^ -^^^ . t..u 

Leu Leu Gly ?t^..?he S.eC V»l Ai^a C.y 

rrr- GCC GCC GCC GCC CCC TTC GAG tCC 
CTC CCG GG-r CCT CG,1 GAG G.^ CC GCC 3,, 
Leu gco Gly ecQ Arg.Glu Al^ P-^ ,q . 



L2Q 
L3Q 
240 
300 
357 
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GGA CTC GAC 
Gly Lau Asa 

TAT GC.^ 



GAT GAA CTC 
Asp Giu Leu 



C-C TCC GAC GCG GAG CCC 
rju S.C Ad? Aia GIu 9ca 
^0 

AAA GAT CTG GAG GAG C.^G 
Lys Aao L^ti Giu Glu Gin 
55- 

ATG ACT GTA CTC TAC CCA 
rt.t: Thr Vai Leu Tyr P-C, 
70 



GAC GCG 
Aso Ai^ 

TTA CGG 
L(2U Arg 

GAA TAT 
Gia Tyr 



CGC GAG 
Gly GIu 

TCT GTG 
Ser Vai 



tGG AAA- 



GCC ACG GOT 
Aii T^r Aii 
50 

XCC ACT GTA 
Sec Sec Vai 
SS 

ATG TAC AAG 
We-c Tyr Cya 
30 



-TGT 
Cys 

CTC 
Leu 



AAT 

Asn 

lis 



CAG CTA 
Gin Leu; 

as 

AAC TCA 
Asn Sec 
LQO 

ACA GAG 
Thr Giu 



AGG.AAA GGA GGC TGG CAA 
. Arg C.y« Gly Giy Tr? Gia 

AGG ACA GAA GAG ACT ATA 
Af T Thr Giu. GIu The a« 
LOS . 

ATC-'^G AAA ACT ATT GAT 
Tie Lfiu Ly* Ser ^9 
■ 120. 



CAT AAC 
His Asn 



TGC 
cys 



ATG CCA 
Men 9ca 



GCq ACA. AAC 
Aid The Asn 



GGG GOT. TGC 
GLy GLy 'Cys 
IS3 



CGG GAG- GTG TGT ATA GAT 
Arg Glu Vai Cy3 lie Asp 

ACC TTC TTT AAA CCTCCA 
THC 9he.?he Cys 5^^.^" 
150 ■ - 

TGC AAT AGT GAG GGG CTG 
Cya: Asa SeC" Giu Giy Leu 



AAA TTT 

AAT GAG 
ASCI GLu 
L23 

■ GTG GGG 
Vai Giy 
L 4 Q 



AGA GAA 

Arq Giu. 
■ ^ ' 95 

GCT GCA 
Aid Aia 

HQ 

TGG AGA 
Trp Ar? 



AAC GAG 

Lys .CLu 



CAG GCC AAC 
Gin Aia Asn 

GCA CAT TAT 
Aii His Tyc ■ 

AAG ACT GAA 
uys Th.r Gin 
110 

TTT. GGA GTC 
?he Giy VaL 
US 



30 I 



597 



S9: 



74 1 



TGT' GTG 
Cys Vai 



CAG TGC 
Gin Cys 



■ AGC TAC CTC 
Sec ,TyC Lea 

■ lao ". 

GGC CCC AAA 
GLy 9co Lys 
195 

■TGC ATG TCT 
Cys Men Sac 

CGT. TCC CTG 
Acq Sec Lau 



ACC AAG ACG TTA TTT. GAA 
sec Lys The Leu 9he GLu 

L3S . 

CCA GTA ACA ATC AGT TTT 
pro VaL The Ii« SeC Phe 
200 

AAA CTG GAT GTT TAC AGA 
Lya Leu Asp Vai Tyt Arq 
215 

CCA GCA ACA CTA CCA --CAG 
Pcc Ai^ TUC Leu 9ca Gin 
230 



ATT .ACA 
lie. Thr 



GCC AAT 
Aia Asn 
205 



TCC GTC 
Sec Vai 

ATG .AAC 
Men Aan 
i7S 

GTG CCT 
7ai ?c<3 
190- 

CAC- ACT 
His The 



TAC ACA TGT 
Tyr Ar.q Cys . 
ISO 

ACC AGC ACG 
The Sec The, 

CTG TCT CAA 
Leu Sac Gin- 



73-9 



3J7 



935 



93: 



TCC TGC CGA 
Sec. Cys Arq 

2ia 



CAA GTT 

Gin' Vai 
.220 

. TCT- CAG 
Cys Gin 



CAT TCC 
His Sec 



TGC 
Cys 



CAG 
G In 



GGA 

Giy 

273 



CCC ACC 

Pea- The 
2^3 

GAA GAT' 
Giu Asp 
250 

TTC CAT 
?he His 



TGT 
cys 



CAG TGT 



AAT TAC ATG TGG AAT AAT- 
Asa Tyr H« TCP A.- 

T-T-T ATG TTT TCC TCC GAT 
?ha Me^ Phe Sec See Asp 

253 

' GAC ATC TGT GGA CCA AAC 
Aso" £ie Cya Giy Asn 
' 230 

GTC -TGC AGA GCG GGG GTT 
. . il* Civ Leu 

Z9S - 



CAC ATC 
His lie 



GCA GCG 
Aia" Ala 



TGC AGA 
Cvs Acq 
255 



GCT GGA 

Aii Giy 



GAT GAC 
Asp Asp 

2 70 



ATT ATT AGA ' 
lie lie Arq 
223 

AAC AAG ACC 
Asn Lys The 
240 

.TGC CTG GCT 
Cys Leu Aia 

TCA ACA GAT 
Sec The Aap 



AAG GAG 
Cys Giu 
233 

CGG CCT 
Arq Seo 
300 



CTG GAT 
Leu Asp 



GCC AGC 
Ala Sec 



GAA GAG. ACC 
CLa Giu The 
290 

TGT GGA CCC 
Cys Giy ?ca 



L029 



IQ77 



1123 



ii7 3 



L22L 



L2S9 



CAC AAA GAA 
Ki3. Lys Giu 

■CTC TTC CCC 
Leu ?he ?ea 
.325 

TGC CAG TGT 
Cvs Gin Cys 



CTA GAC AGA AAC TCA TGC 
Leu Asp- Acq Asn SaC <;ys 
310* . 

AGC CAA' TGT GGG GCC AAC 
sec Gin cys Giy Ai^ Asn 
330 

GTA TGT AAA AGA ACC TGC 
VaL Cys- Lys Acq The Cys 



CAG TGT GTC TGT AAA' AAC AAA 
Gin Cys Vai Cys Lys Asa Lys 

. 320 ■ 

CGA GAA- TTT GAT GAA- -AAC ACA 
Arq Giu 9ha Asp Giu Asn The 

3 35' 

rcC AGA AAT CAA CCC CTA AAT 
pro Arq Asn Gin Pro Leu .Aan 



i3i7 



i3'6S 
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■37 

-continaed 



'-^^ 

340 



^ TT-T ACA GAA ACT CCA CAG AAA XGC TrO' L 6 L 

^. J^l === oT^ ^ ^ . 



1509- 



ISSI- 



CAA ATG-- VoOS 



1,653 

t7La 

L779 
1333 

L997 



r 1^; I", - - ^-^ 

PCQ Gl/ t-/a C/9 A-a 

155 . . Jsa 

a^r T-C CAC CAA ACA .TCC AGC tCT TAC AGA CGG- 

zt t^ - ... ... .v. ^1 

c.. xc. == - If. 17= r; I" - 

^0.0 Cys Thr Asn Arg Cin ."t'^^ . ^QQ 

• J9Q • 

^ GTC C--^ TCA TAT TGO AAA ACA CC.\ CAA 

GAA GAA GTG. TGT CGT TGT GTC C-, T 
-Glu Gia V.l cys Arq Cys V^i 3ca Sec Ty, . e 

.CCTAAGArTGTA.CTGTXrrCCAG^CATCGATTTTCTArtATGCAAA^^ - 

llcCACAC TAGAACTGTC-TGTGAACAGA GAGACCC^ TGCGTCCATG CTAACAAA , 

CAAAAGTCTG TCTTTCCTGA ACCATGTGGA TAACTTT-^ GAAATCGACT GGAGCTCV 

.CCAAAACGC CTC^TAAA GACTGOXTTT CTCCC.^ATGA CCAAA^^C AAGAT^T 

XCXTGTGArr TCT^-^^ AATGACTATA TAATTTATTT CCACr^^ TATTG.... 

^^.^.r-^C AACAATTGGT AAAACTCACT GTGATCAATA TTTTTATA 
CCATTCATTT TTATACuA^C AACAA 1 1^^ 

■ :atgcaaaata TGTTTAAAAT aaaatgaapa-.ttgtatot . . 

(2.)- r^lFOPJ^TION' FOR- 3£Q" ^0 ^3: ■ 

(.Lj SZQUZJICS CHAIIACTSSIXSTICS: ^ ■ . 

-(A) -CSHCTH^ 4 19. ^^-'^^^ 
(3) T'f-PS: inui-rvQ acid , _ 
(D) TOPOLOGY: Lineal 

ixi) SSQUEMC-'oESCalPTION: 3£Q,ID'N0: 35: 

1 i! A Cv3 Ser Lau Ceu Aii Aia 
- His Leu Leu Gly Phe Sac V.l Ai. Cys Se 

L ^. 

^1 . ii^ P-a Aii Ala Aia Ala Aia 9he 
Ai. E.au L«u ?ro Gly ?ca Arg Glu Ai. P.n .Ai- 

2Q ■ -■ 

* r jiaa Aia Glu 5ca A^p Aia Giy Giu Aid 

GU Sec Gly Leu Asp Lau SeC As? A.a 

, 35 ■ , , ' 

, ■ ^L. Sec Ly» Aso Lau Giu Giu Gin Leu Arg 3«c 7^i Sec 

The Aia-Tyr Aia Sec i-ys ab? . , ^ 

S'O 

-rur. y«I Lau Tyc ?co Giu Tyc Tr? Lys Met: 

Sac V<il A3P Giu Leu rtaa TUC Vai Lau ./c , , 

S5 70 . . 

r - f-i^ Glv T-^ GLa-Hi3- Asn Arg Giu Gin 
Tyc Lys cys Gin Lau Acg Lys Gly Gi/ T ? 

. ■ 35 • 

c ^ Ir-a Vhc Giu GLu The lie Lys Pha Aia Aia Aia 
Aid Asn Lau Aan Ser .Arg .nc ^J-u 
LOO ■ 

. . r,- r_«u Lva Sac li^- A^o A^n Glu Tcp Acg Lys 

a^, . . ^ .. = 

^ T.C Gl. cys Ka. Acg -Giu V.i; Cys Ua A«p v.l Giy Lys Giu ... 

. .ly Val Aid T.c A.a T.c ..e ..e Lys Pco Cye Vdl Sac V.i Tyc ■ 

145 • ' ''^^-^ ■ ■ . 

5*- Giu Giy Leu Gin Cys Met Pan Th^r 

Acg cys Giy Giy Cys Cys- Asn 3a, Giu ^^y l7S , . 
Lq5 

^ r Lvs The Lau Phe Giu lie'Thc Vdl Pec Leu. 
Sac Thr Sac Tyc Lau Sac Lys unc u 



39 



laQ 



L33 
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-GQn.t;lr-ued 

L9Q 



40 



».= v«l Thr lie S«f She Asa His the ser 

Ser Gla =1/ "'^ 
L95 

u.- "° 

, H«c T-= Aaa Asn His :la Cya Ar, Cya- ■ 
Lvs T« CyB Thr Asn Tyr «ec T,? . 

. aha Ser Sac Aao Ala Cly- Asp Asp Ser 
,.u Al. Cl-Olu A5p.St.a,H« She ser .... . 

. _ oly pro Asa t-ys =iu Oeu As?. Glu- ■ 

Thr ASP Gly She H^s Asp tie Cys .^35 

' " ' v-l cys AT, Ale Gly t-eu Arg ?ro Ai^ Ser Cys 

GLu Thr Cys.Gln C'/« val C/s Arq 

290 ■ ■ 

i«r, Ser CVS Gin Cys- Vsl Cys Lys 
<sw or. His cys Gla Leu Asp Ar, Asa Ser Cy^ 

.ys Ueu .he pro ser GU cys Gly Al^ Asa , .^^^ 

■a^rr Tv-r Cvs 9ra Arg. Asn Gin Pro 
thr cys Gla Cys Vsl Cys .Cys Ar,- T..r C.^ - ,sa ' . 

■ ■ ■ . cys Glu Cvs thr Gla Sec 5ro Gla Lys 

Lea ASCI ?ra Gi/ Lys Cys Ala C/s . . . . 

■ 355 

' . ■ oK» Hl3 His Gin Thr Cys Sec Cya Tyr 
cys Leu Leu Lys Gly Lys Ly« Pha H-s , . . 

370 ■ - . . 

- ii., Cvs- Gla ?ra Giy ?he 
. AT, pro cys The Asa .Ar,.Gla Lys Al. Cys 




. What is clairaed Is: „„waeoade. capable af bindiag 
1. Apar;fi=d aad ;^'=:^f^/°57^P'^-d polypeptide com- 

□ e amino acids of SEQ lU f^^-. ^^ing a polypeo- 

2: A phaonaceuucal =°'°P°=^^",°" ""^^^ ,^liL,«epVaW 
tidr according 10 claim I >n- a pharmac-uiically P 

dilueni, adjuvani. ot earner. ,<-dvilvo£ humaa F\l4. 

■ * ^"^^"^^'"'"^-'t'"^ -.z^iriied ooWocotide according IQ cuim 

.Lr.?nl"n:" -^^^ P-p.o.uao„ . 

aiamcnaUaa cells '•-'P^f ,,,^,^y of human FU4 

. 6. A method °t -°^^^^4-„y^*Lg coaucung cells that 
hrar;uiStor7.s.e^lanase wUh . polypep- 

lide according iQ claim 1^ ^^.^.^oiide capable oC binding 
7. .^ purified an^ .^e : 1 Sa^^omain oc FU4 cecepior 
.Uh ^^'S^. f polypeptide compr.es a 
'p::o1lToTJo: 33 effective to permit such binding. 



and' wherein- ^he . polypeptide has ^^^^^^^.^^'^^^.'l 
weight of approxunatc^Ly 23 UD as i^sebsca 

. diluent, adjuvant or ^^Q^aa FU4 

9 A method oE aioduUtmg the activity ot 

acuvity a composittoa accordmg '°= "=°J^,ding to claim 

%^rSed°an^Sla" d polypeptide according to cia^ 
ao 10 laid polvoept.de comprising an amino aad sequent s.t 

^ u'aTcI -cording to claim 7 wherem said 

. poiL'^of SE^ NO 33 e^ctive permit such b.nd.^ 
is a continuous porlion-oC bcU lu- i ^- ->-> 
■ acids i-lSO of SEQ. ID NO: 33. v - - .• 
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■41 



42 



16. A ai^thod ot .'"«^"'=^'^°S4^^'"^Q^a4tmg cells that S 

t,av^ng an ^PP^^^' i^^tptcE unlcr reducing coodiuons, 
VcD as assessed by SDS t^.«^ot ^ ^^^^ 

whcrelQ amino icrmmai ^"^°°Jf^ J^-^ ^^^^^^^.^ corre- 

Uucnan polypeptide .t^Ao.'^,,. SEQ .5 

spoadiag to amino acids 2 ihrouga lo 

. "la^^i.....----^^ — ^^^^^^^ r.- 

tide according to ciaimU'^- iccardiacr to claim 

iaa a deteccablc labcL 



23 ^ oanfied and isolated polyF«"de ^.^^P^ble oroiading 

:;^os^ftdnase:wieceio said PolyP<=Pi^^=^^- . 
,4^le-ilar wciafat of aopcQXunatciy 2j IcD as asse^sea ay 
SOS ^icE un^er ceducing coaduioos and is punryable 
Smcncdaioaed media Eron: a P-^- P^-- ^^^^^^^^^ 
noma cell line, said csQ line having ATC^ CRL No. 
u^'e a; a^i V purification procedure wberein the affinuy 
^u^c^ion ma'tr^ ==mpns<=s a polypeptide compasmg the 
cxiracelliilar domam of Fit4 receptor tyrosine taaa=,e. . 

■'^ ^polypeptide according to claim 23 whica ^ capaole 
of stimiUatLg FU4 phcspcotvlation m mammalian cells 

^-.n^t^^oTrod^^^^^^^^^ of human nt4 

^''^rr;1y1eotide^^co:diag to Claim 23 ^irther compr.- 

Z^c^^i composition composing a po^pep- 
a<io'rding to claim 23 in a pbarmaceutically-acceptable 

'^"rAlTbod oTm^uUtiag the acU.ty of human FU4 
cec'eptor tyrosine '^nase compnsmg admimsteruig to a per- 
son m ae;d of modulation of Flt4 receptor tyrosme ..nase 
aaivitv a composition according to claim 27 

^9 A method of modulating .the activity of human FU4 
re4lor tyrosine kinase comprising contacting cells that_ 
exVre^ human FU4 receptor tyrosine 'kinase v.ith a polypep- 
tide accordiag- to .claim 23. 
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RELX) OF THE INVENriON 

Kdothlliai and growth Ea=:or g=c=s. 

■ BACKGROUND OF TAE [H^/ENTIOK 
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of aduU liS3ucs, as f ^^^"^ ^^^^^^^^ 
occur wb<:a — P^^.f ^^^^J^^^;"','] S^^eauat. &cm 

lh= mesoderm ana .orm ,_hr.,Q The dcvelop- 

prnnar:. vascular '^Vt'^ dSerend- 
„=a. at- ^'V^'^J",;^^^ vIlcL Major 

smbryoaic blood vessels ^J' - ^ ^ [he 

vasculogeaesis. whereas ^ f^™.^^""^ ° . o£ vascular 
■ ""^'^^^ %l T^^^^^ process .called 
:Sos"als:r.4^ eTal.:D.v.-. S.... l25:-l-..0 

^'SotheUal cells gWe r.e.. 3---^. ;yP=-^^^---er^. 
and cnorpholog.cally ^---;7-f Scas;'.c 

r^'°ases s lcmcaaay; cuo^or grow.U 

lave been showa i be aagiogenes^ depea^^^^^^^^^ Folkmaa. a 
.1 / Sio/ C/i^m.. 267; 10931-109^4 (1992). 

Key^^aaU reguUuag cell growth aad d^^""-'^- ^= 
■ .edU.ed'.y polypepude growth ^^^'^^^^^'^ 
• b..ae receptors, ma.y oE wa^n -YC3"=^^^= ins=« 
phosphor/lated peptides wtthiQ ch tyros>. ^ 

.„d sub^^^^^^^^^^^ tnvoWed-tn 

l::;orf L'recepto."iaa^ui^^^ angiogenic sucnuU are 

schematically shown m FIG. 1. . 

Fibroblast growth tactocs ^"j; ^^qw; "to 

. the -?^^.^^-V'.-^°Slrcur:^ 
be cnitogeti.c "znemotact c Eor calDi 

aoih ;ypes have ac affiatty fochepaaa acd FGF-l . bouad 



to heoarin sulfaee proteoglycans in ihe suoeadothc^al 
«lluiar matrix Erom which it caay ■o<=/='-==^=^ ' 
H-cparin potentiates -the sumuiatioa oE^adothcUai ceU-pro- 
Ufcradoa bv angiogenic FGFs. both by protecung against 
3 dfnaturaiioQ and degradation and dime.nzing the FGrs. . 
C~ endothelial cells express.che FGF-l receptor but. ao 
aigniLat levels- of other high-aEnity abroblast growth- 
factor recsptots. ■ ' 

Among other liaands for receptor tyrosine kinases,, the 
10 olatelet deaved growth factor. PDGF-BB, has been shown to 
be weakly angiogenic the chick choooaUantmc inem- 
bane. Risau, et al.. Crotch tactors, r.2bL-^to (199.). 
Transforming growth factor c (TGFa) is an angiogenic 
factor secreted bv several tumor cefl types aad by ^^<^J9^- 
al's Fepatocvte growth- factor (KGF). the Ugaod of the 
c'met proto^ncogeae.ncoded receptor, also ^ strongly 

^°Rec-aTevidence shows that there are endothelial cell 
s,:e 'a"c -oJth factors and receptors thai may be pnmanly 
S^ibU for the stimuiation of eadothclul cell growth 
dae°«tia«OQ and certaix: diSereauated ciinctions. The oes. 
n^lTnf these is vascular endothelial growth factor 
,^GF), a c^c"b% " f the PDGF fatniiy. Vascular endothe- ' 
£Ir.^wth factor IS a dimenlc glycoproteta oc distOfide. 
U^ed 73 kDa subunits. Other rcportea effects ot VEo. 
^ude'he mobili:^ation of intracellular calcium, the indue 
don ol olasm.mogen activator and plasminogea activator 
^hibiier i svnthests, stimulauon of hexose transport in 
"ndot'/ual.cells. and cromoiion o^ u.caocy^^..^^a^^^ 
vitro Four VEGF isoforais, encoded by aistinct mRiNA 
X vanants. appear to be equally -P^^^« ^^^r^t^J 
r^lerent affinity, for cell surface proteoglycans wh, . 
behave as low affinity . ^^ors^^^^^^^^^ 
rr:rirJrms^fia9-:nd%.06 ammo actd^esidi^s 
".mTio ceU surface associated and have a strong affiniiy cor 

VEGF was originally purified from 3=""^^^'^;==^°° ^= 
basis of Its mitogentc activity toward 
also bv i^ abtUty to induce mtcrovascular P-™"='J'^'- 
heic- It is also called vascular permeibuity factor ^ /PF). 

'4'gF produces signa^ TTJ^-^^l^^) 
kinases VEGFR-1 (Ft-T-l and VEGrK-2 (.KDR-FU. -), 
S'lre expressed specifically on « ^^^^y 

VtGF-related placenta growth factor (P^GF) wa^ recent y 
^own tf bmd t'o V-EGFR- 1 wtth high affinaty. PIO. was^b> 

as potent mitogens as 
vicF homodimers for endotheUal.cells. 
Taepatte.ofVEGFe^p^^^^^^ 
.development and main eca^^^^^^^^^^ During murine 
system and n umor g % ^ .^^^ ^„^„denii 

t^ST'.Crand'the'ventricular neuroectoderm pro 
d^ces VEGF at the-capillat7 ingrowth stage, .ee Breier, et 

de;elooment, the vascularized area oc fj^^'^^J^^^'^ 
the whole embr/o show expression oc VEGE In addition. 
SthelaT cells ne..t to fenestrated eadoth=ha-m adult mice 
s^cw eUteat -/HGF expression, suggescmg a role m the 
mamcenance of this specific endothelial pneaotype and 

Two high affimtv receptors for VEGF have been charac 
terS. These are VEGFR-UBt-l (fms-Uke tyrosine '=enase 
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20 



. .^^-n -/Tfdr/FTk-' fkinase msart domain coQtain- 

"-=7" t PdS- ei-^r Eaily. b.c d.cy bav= sev.a 
classuied iQ ttie PDC.r '^^'~]: . ^gops their «xtra- 

cellular don:am -^/'^^JP^^^^trae «orcssion o£ -^GF 

;.c=o.ors occurs ^^^^ J.^^^oacc^ncs aad mel^^ 

akhoagh scene may be P«^=°^ ^.^^^^d proliferale 

soecidc. , • /-VPGFRO) closely 

. related .n ^^nicoire to cde pco^^^^^^^^^ 

VEGFR-2 S«nes. P"^^^' '.^^^,^1^^ « '^'-h.L it ts protcolyu- 

Bt. diifers '^f,!Sdoma.. iato two di^u^de- 

caLly cleaved m the «:rac I 
. Hnlced pojypepude . _^a,u.0U ,^ ^^^^ 

31:57jS-i r+j (1.592). lae -^J C-ienniai due to 

-■ encode pclypeptvdM -^^^'Vae VEGFs do. act shew 

spectncb.adt.g to FU4 0 ^^^^^^.^^^ 

Expcessioa OC FU-^ appea.s^^^_,^_ Tae express.oa ot 

expression ot VEUtK. i hvbridization in the 

p^4ar3tbecoa:esdeiec.bU by^ .im ^^^^ 

angioblasis o£ ^"^. '^t ^,^,^0^ 3 5 dav p.c mouse- 
exfcae.br:.aical^. p,/ si^al ,is 

stnbr./os. .ta U-:" '^^Y ^ ind oresumotive' lymphatie- 
.observed in developing ^^^^^^^JJ^^^ ,,gative. During 
sadothelia. but anenal ''^<^°'|^i,'ti„TA becomes resins 
■ uter stages.oEdevelopmeat mR^Ab ^^^^^ 

.0 developing 'y-^V^^'^^^t^^l.^.^Z. e.x.cess Flt^. mR.^f A- 
■h=lU and some Qign "-i"';;^^"^;;^^^ exsccssion occurs in 
-i, adult humaa ^f^^^^.^^^ph nodes and in lym- 

origin of lymphatic ves^ls. ^ ^ 

Five endothelial cell ^^"'f ^ fu4 Tie and 
nt-l (VHCFR-1). ff^iJ^.l^^fjlc; possess the 
Te^Tie-Z have - J- f ^^^^.^^ ^^tual for signal traos- 
mtansic tyrosine '^^''^^ .^^"^ Flt-1. FUc-U Tie 

duciion. -Targeted mutation. j^eir essential and 

and Tekin.mduse embryos have ind.=ated m^^^ ^^^^ 

■ spec^jic roles - -^^^^f ."^^.^^hgf^^Z bind VEGF v.th 

. .:S"i:r^zo?pS/Se^fs---^ 

■ and Rl4 have aol yet been reported. 

SUMNL^r OF THE [K^-ENTION 
me present invent.a ^^1:^^^^ 

;h. nr^ rec^ccor tyrosme tonase. [n aore.errc 

Ugand ^,^r:S.=d";=yTmr 
- sho-J'n in bnU t^'-'- 
FUd receptor tyrosine ionase. „,.,-.,r,nr of aa F.i4 

Tae oresent invention ^iso.provides . .r - or^^^^^ 
,g,„d. wherein -the precu-or^compr.s^^^^^ 

sequence 5*^°-" '° plated ^olypepade having the 

includes a punned and '^^"-^ ^ ^q. 33.. 
.aiino acid sequence showa ^^^^ ^^^^ 

A outative 33 amino acid signal 1"=?"°= ^ ^^q. -,3 
ft,d in the amino acid sequence snown in ^^Q- ID X 



I . ^ ...ne-c* the InvcnLioQ inciudes a ounaed 

cleaved >^P°.°.*^r^",^f Jhe^^ designated V^CF- 

pepude whica IS ^'^"^^^^•'■^^^Ss a polypeptide iav,ng an 
n Tqus, the mveation memoes a ^yj>-}v = 
.mino ac-d sequeoc: comprismg 1 .poruon oE SEQ ID 
MO °^ portion encoding a Eragmeat capab.le at speafi- - 
NO.JJ, tne , nrsferred fragment has a molecular 

caily brnmng to ^i^;^^'^^;^°^\y SDS-PaGE under ■ 
.weight ot 1°°; ^ Lbodimeat of the 

SSV^°^: Ugald 4 P^vided^hich .^^^^^^ 

under reducing coadiLioos. • t 

uaae. rcauu^^ .rnino icids csseaual tor 

^■^n"Fit4STa t:\^^^^^^ -t.in appro.- , .' 

''''''ST^^ occurwichio^pproximately amino- 
occurrmg ^t _U ana Accordingly, preterred 

--S-e^^fs^tf^Sventioom^^^^^^^ .; 

LQg ammo acids ^"^-y' ''^p'; p^' rn ^q- 33, whercia said ' 
1 t79- 1-179 and. 1-1.30 ot bnU lu i^w. — , 

polypeptides spectacaUy oiad to an ? . 

Vanase. Is.. Another preferred . 

.;^;°e:^: ctr niSt^^^ . 

. Lino ac-ids 1-130 ot ^EQ .ID t^O... ^. ^ • 

■ Tne present inveatioa ^ Sut str^cturaUy - 

novel -Wpept^de^desigoated ^^GF C ^^^^ . 

homologous to 7C-^™Gp^.3^ T ,i=sotor tyrosine 
.eccptor tyrosme^^ l^^O^^^^^, . 
kinase related to VtOtK ^ _ ^ lymnbauc 

VEGF. VEGFK-3 ^J-^ffj.^Z^.ay in JmpnatK 
endothelia of Eetal tissues ^nn 

endothelial o£ adult t^ues. ^^"P^" ^cad. Sc^. 

54-6571-77 (1994); Kaipainea et al.. Prcc. (Var. .^c 

92:3566-70 ^^^^^^. .^ -^v.^Uon includes 
Taus. in a precerrea „ \ Qf^.^or an RNA) 

a purified and .olated nucleic acid ^.^ ^ ^^^.^ ,f 
encoding an FU4 Ugana P^''""'^^;; .^^J;^" * sequences are 
ihe genetic '■^^ amino 

^possible. =;'''^S^^3=°Tk0 3; A^set forth above, 

:.?i=i^"S:d«%^ol%?aL 

'-^t ^rd^h^ Fi^' c:srt;°osL'^n;2 Verem 

ngZS.^^;^^GS-3!!'theln^vent^ 
Uiclude nucleic acids encodmg these P"^/!?" ressed in an 
p^cursors according -^-f"- ^^.^ r^^Te which 
appropnate aost.-=ll, prod"..^ 1 ^^=. ^ ^^^.^^ ,^ 

binds speci&cally ^° "^^„„<.-. ji^own in SEQ © - 

(V^GFR-3). .^r/^";;Sfd ,uS^; sequence encoding 
KO'.32 contains a prcwrrca uu--. 

the Fii4 Ugand (VEGF-Q. ^ ^.t^ w'aich ' 

^olated directly trom the c.U cuinir ^^^^ 

vided are vectors '°,:Vvec.L Preferred. 

.Ugand. and host cells comprising the ^vec^o^. t-r 
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aucUic ac-:d or vecar of the mv^auoQ «pce.s^a m . hos. 
c-il and a aoLvceolide of chs iavsauon >s par^ea from .fac 
hosi cell or" ihtt Host c:ll growth msoiuni. ^ 

[n another aspect, the inveatioQ includes antioody 
which is spccmcaUy reactive •>nlh polypeptides oc the .^vca- 
hcT AotiEodies. both aaoaocloaal and poiycloaal. may be 
crade agamst a Ugand of the inveatioa accordmg to staaaa d 
^chniaues in the ' art. Such antibodies oaay be -Jsed m 
d"ost-;c apolications to monitor angiogeaesis. 
v^culanzation'lytnphatic vessels -^ 'betr a^ea^ states, 
wound healtng. or certam hematopotettc or leul«m a = Os 
or thev mav b= used- to bloclc or activate the Ftt4 ..c.ptor. 

M.ands according to the laveauon may be labelea with a 
de'e'tabie label and used to identify their corresponamg 
receptors m situ. Labeled Flt4 ligand and anU-Fa4 Ugand 

ni bod es ma. be used as imaging agents to 'i^^ 
lymphatic vessels, high endothelial venules, and Fi 4 recep- 
o« expressed m histochemical tissue sections. Toe Ugand or 

■ mibody may be covalently or non-covalent ly coupled to a 
•. u able' supermagneuc. paramagnetic f"-' 

e'-hogenic, or radio activ,;. agent tor imaging. Other non- 
radioactive 'labels, such as btotin and avidin, may also be 

used. . • " . J - 1- ■ 

■ The present invention ato provides diagnostic and^chm- 
oal aoolic-atiaas for claimed Ugands. In ^ P^^^f^ 
smbodiment. FU4 Ugands or precursors are used to ac. 1- 
erate angiogeaesis. e.g.. during wound heaUag or to pc^- 
haote the enSotheUai edactionsof lymphatic vessels. Ligands 
mav be aonlied m anv suitable manner using ao appropriate 
S^aceutically-acceptable vehicle. Ligands also may be. 
Led w quantify oanire. metastatic rislc by assaying biopsy 

. oiaterial for the presence of acave receptors or Ugands in a 
binding assay or kit using detectably-labeled Ugand. An Ft 4 
U.and acco^dina to the invention also may be used to 
. promote re-growth or permeabQity ot lympaatic vessels in 
for example ocgaQ transplant patients. Ligaaos. according to 
. h^ invention \lso may be used to ' treat or pre.veat 
innammation, edema, aplasia of the 'y^^^^^^^'"^^^^ 
phatic obstmction. elephantiasis, and M Iroy s disease. 
pSallv. FU4 Ugands may be used to stimulate ^-^^ 
oroduction and maturation, and to promote or inhibit tra ■ 
ackina of leukocvtes between tissues and lymphauc vessels 
or to aEfect migration in and qui of ihe thymus. 

Inhibitors of the Flt4 ligand 'may be used to contro 
endothelial cell ' proliferation and lymphangiomas. For 
examcle such inhibitors may be ,ased to arrest metastatic 
arowth or spread,, or to control other aspects ot endothelial 
Sell expression and growth. Inhabuors include aatioodies 
amisense oUgonucleotides. and peptides wnich oloc^^ the 

■ FUa receptor! all of which are intended as aspects ot the 
LnveaLioQ. 



laced 'vuh PCo coadiuoQed mcdiiim is, the 125 kD 
polypeptide fvTGF'R-j). 

HG. 6 shows Western aaaiysis of che Fit4 ligand acLivity 
isalaced croca PC-3 condiuoaed cnedium. 
■ FIG- 7-5hQws results, of gti ^Iccu-cphoresis of chromato- 
' graphic fracdoQS torn the amoity puhncation of Fa4 ligand 
(VEGF-C) isolated from PC-3 coodidoQcd cnedium. 

FIG. 8 shows results Western analysis of cM'^ auto- 
phospharvlauon induced by either the Rt4 'Ligand (VTOF- 
^° C), VEGF, or PIGF. 

FIG. 9 Aschcmadcaliv depicis the cloaicg and aaalysis or 
, the Rt4 ligand, VHGF-C. the VHGF-C ceding scqueace 
(shaded boxes) and signal sequence (ss) are depicied 
^5 between 5' and 3' antranslatcd (ut) nucleic ac;d regions. - 
FIGS 9B-D show the uuclcoudc and deduced ammo acid 
sequence of the coding portion of FU4 i-igand cDNA. Tae . 
cleavage site cor the putative signal pepetiae is mcncited 
with a shaded triangle . 
''O PIGS lOA-D show a comtraason of the deducsd'amino 
acid sequences of PDGF-A (SEQ ED ^fO- ^^^)' P^GF-B ■ 
rSEQ lb NO' 37); cwo PIGF isotbrms (SnQ ID iVOs: jS and 
39)- four VEGF .:5oforms (SEQ ID iMOs: 40-;3); and FU4 
.Ugand (V-HGF-C) (SEQ CD NO: 33). 
^ FIG. U shows the stimuiatioa of autophosahorylatioa of 
■ the FUi receptor by condiLioned medium £rom cells trans- 
fectcd 'vith the FU4.L (VHGF-C) erpression vector. . 

FIG. 12 shows Northern blottmg analysis, of _FU4-L- 
(^^GF-C) mRNA in tumor- ceU. lines and m brain tissue. 

FIG. I3A IS an autoradiograph showmg recambmant 
VEGF-C - isolated coUowmg a pulse -chase experiment and 
■ 5lec:rot:horesed %ia SDS-PaGE under reducing concuions. • 
fig' 133 is a photograph of polyacr/lamide gel shewing 
35 that recombmant V^GF-C torms- are disutiide - links d ■ in 
noQ reducing conditions. 

FIGS. 14A and- 14B depict Western blots showing^ that 
VEGF-r stimulates autophosohorylatioa of VEGFR-2 
(KDR) but has no etfect on PDGFR-(3 phospho.rylauon. 

FIGS 15 A and 153 show that VEGF-C stimulates endot- 
helial csll migration- in a three-dimensional collagen gel 
assay. ^ 

FIG. 16A shows the 'expression of VEGF-C mRNA in 
human adult tissues. 
^- FIG. 168 shows the expression of VEGF, VEGF-B, and 
■ VEGF-C in selected human fetal tissues. 

FIG. 17 schematically depicts the chromosomal locaUza- 
tion of the ^/EGF'C gene. 

FIG -13 IS a Northern blot hybridisation snidy showing 
the effects of hypoxia on the mRNA expression oC VEGr-A, 
VEGF-B and VEGF-C. 
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BRIEF DESCRIPTION OF.THE DRAWING ' 
FIG 1 IS a schematic diagram showing major endothelial 
cell receptor tyrosine. kinases and growth factors involved m 
vasculogencsis and angiogeaesis. 

RGS. 2A and 2B schematicaUy depict tne coasirucuua ul 
the 0LTRFU41 c::oression vector. 

FG 3 schematicaUy depicts . the coostructioa of the 
baculovinis vector encoding a secreted soluble Fit-, extra- 
cellular domain (Flt4EG). 

RG 4 shows results of stimulation of FU4 .autophospho- 
rvlation-by conditioned medium from PC-.3 ceQ cultures. 
' FTG^ 5A SB, and 5C show that the major tyrosyl 
phosphor/lated polypeptide of FU4-traas£ectea cells stimu- 
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DETAILED DESCRIPTION OF TOE 

■ ■ I^^vE^TION 

-Described herem is the isolation of ■ a. novel vascular 
endotheUai growth factor and the clomng ot a DNA encod- 
ing this growth factor from a cDNA horary/ pre p^are a from 
the human orostatic aaenocarcmoma c^u iiuc rv.-^. .u. 
sn isolated cDNA encodes a protem which is proteolyticaUy 
orocessed and secreted to ceU caicure medium. Tne secreted 
■ irotem, designated V^GF-C, bmds' to the extraceUular 
iocnain of Flt4 (designated VEGFR-3) and induces tyrosine 
autcohosDhorvlatiQD'of Flt4 and VEGFR-I. V^GF-C also 
55 stimulates the migration of endotheUai ceUs in coUagen gel. 

Tne present mventioa also is directed to novel growth 
■ factors which, are Ugands for the FU4 receptor tyrosine 
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biosyamcsis, tnc .-^^ ,7 r.^^ ^^w^qsvUuoq sues 

. delacd m Cbe d.duc=d V^GF^ am.ao ac.d -^=-. . 
Tac eirboxvl lenmnal amiao ic;q sequences, wnicil 

00 wtb o>h=r Ugaads of this famUy, show a pacurn of 65 
p c^a ot° vscem^ residues cemia,.c--m of tb. Balbiaa: rms 
■ 3' p^cem (BR^-P) scqueace (Disuaoi aad C^=. C.n., ■ 
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■ ■ 8 - , 

(1990); Paulssoa, et ^L, /■ Mai- Biol.. 
11 rv,i_i9 (10901). Tais Qovsl C-icrmmal siik prow.a-jics 
sixucmral motif of VEGF-C Bay W laio md«pcaacai 
domam. wbicb. OQ tbe basis o£ tbt: coosideratioas aoove is 
11 least partiaUv clsavea off after biosyntbesis. ImerMung.y, 
at least one cvstcine motif of tbe 3R3P type is also rouna ta 
the carbox'/l wrtniaus of VEGF. In ourexper.meais 00th '.be 
putative precursor lod cleaved ligatid were detected in the 
cell cuicure media, although processing 'vas appareaay . 
c=a-associated an the basis of the pulse -chase espcnmeats. 
The determination of the amino terminal sequence of the 
isolated carbo.T/l terminal cragmenl will allow ihe idcatia- 
cation of the protcolviic processing site. Tae geaeriuoo ot 
antibodies against differcat parts of the V-HGF-C malec-ale 
will allow the e.-caci determination of the precursor-proouc! 
relatioosbip aad rado, cbeir ceaular distribuiioa. and the 
kinetics of processing and secretion. 

VEGF-C has a conserved pattern of eight cysteine 
residues, which may partic-ipaie In che formalioa ot intra- 
lad interchain disulfide bonds, creaang ao aQapamlel 
dimeric biologicaUy active molecule similar to PDGf 
Mutational analysis of the cysteine resiaues. evolved m the 
.nterchaia disulfide bridges has shown thaU m contrast to 
PDGF VEGF dimers need to be beld together oy these 
covalent mteracuoos in order to maintain biological activity. • 
Disu^de Unking of the V^GF-C polypeptide ^^'^'^^^ 
e ndeat la the analysis of VEGF-C in nonreduc.ng conai- 

VEGFR-3, which thus distinguishes between^/^Gr and 
VECF-C, is closely related in "^g^^ 
VECFR-- Flnnenv, et al., Oncogene, 8:2-i9j-98 (199j>. 
GaUaad. et al.. Oncogene, S:123'^0 (1993); P^]usola, et 
al.. Career R^., S2:573&-43 (1992). Howev«.. the^ma^mre 
lorm of VEGFR-3 differs from the two other VEuFRi in 
that is IS aroteolyticaUy cleaved, in the extracellular domain 

into two' disulfide-Uaked PO^XP^P'^'i"- ^'^^^^t ,h , The 
Oncogene. 9:3545-55 (1994). .Another difference ^ that the 
4 5 and S3 kb VEGFR-3 mRN.A^ encode polypeptides 
differing m their C-tennini and apparently in their signalliag 
properties due to the use ot alternative 3' exoQS. Borg et al.. 

10:973-54 (1995); Pajusola et al.. Qncoge..e. 
3:2931-37 (1993). • 

Besides V^GFR-3, •^GFR-2 tyrosine lonas^ also is 
activated in response to VECF-C. V^GFR-2 '^'^'^^ 
Qals cause striiang changes in the morphology, acan r-o - 
ganization and membrane rufflins ot 9o:c.ac .cr...n^o^ 
Heliil ceUs overeraressing this receptor, la these <.,lls 
^GFR-l also mediated ligand-induced chemoia.xis and 
mitogenicity. Waltenberger et al.. ^'^^-^^f ^l'^' ' . 
^69-^6938-95 (1994). Similarly, the receptor chimera CSb- 
Ir/^EGFR-3 was.mitogenic when eaopically expressed in 
JJS^T? abroblastic cefls, but not in porcine aortic endct- 

^^iS celU (Pa,usola et al., t^•?"^'?BCa whTca- 
results, the bovine capillary endothelial "^J^Sg;*"'" 
-xor-ss VEGFR-2 mRN.\but very little or no VECFR- or 
^V?GFR-3%nRNAs. showed enhanced migration waen 
simulated with VEGF-C. shown here Ugbt «'"°«==Py 
:7ru. ere ..n ,-„ln,r« in coUaaen eel also suggested that 
;^"gF-C stun^lated the proliferation °f 

txistiag data thus mdicate that the VEGr kg nds 
and recentors show a great specificity iQ. their signallmg. 
which may be cell type dependent. . . , , 

■.Tne exoression oattera of the VEGFR-3 i-^^?^^^'' 
Proc. Nak Aca±Sci. CfSA. 92:3566-70 (1995,) suggest 
that VECF-C may function .Ji the Eormatioo oc the venous 
and Ivmchatic vascular systems during embryogenesis. Con- 
sUtutlve- exncession of VEGF-C m adult tissues saown 



, .mndsQC tbe invention are members oc 
lanasefV^GrR- ^ Ligano^m^a Factors/vascular endot- 

, J r.rrr„-ir,a 1 hc FU4 recsotor tvrosiae 'sinas». we.- 
Ugands f ofostatic adenocarciaoma cell line 

(.-XTt-C LKJ-i-*^^;- ligands of the invention stimu- 

^ L a ^nci^oa of the particular expression system, used 
may be a i^inviion Ot tn p ^^dersiands that in 

Moreover. ^ . nroLeia which do aoc aiicr the 

So^^f zt^^ ^-^^ 

■ ^'^haithe ;7ec::rsea:erc?Lta" SEqTb no: 

^T^S^ab e o^' Strng-the Flt4 ligand without any 

urther arocessmg m a manner similar, to that m which 

^^GF 3t[muiates Its receptor m its unprocessed form. 

• ReL nported herein show chat VEGFR-3 transmits 

signals for novel growth factor This ^^,^f^°: 
^= specific binding of VEGF-C to r=comoinant F t4£Cg 4 

e.xt:acellular domain) protein and the 

bidial to V-EGFR-3 or induce Us autophosphor:.lation. 
- A m'aior part of che difference m the observed -le-U 
mats o the .urified and recombinant VEGF-C and .he 
ded^c-d molecular ma^.of the VEGF-C encoded by the 
VPGF.C ooea reading frame (ORF) may be aue to.pro- 

nf the latLc: ProLcolvtio orocassiag of che V^Ot (- 
S urs^ m V occ^^r at more than one cleavage site because 
- fhe 3-- kD molecular mass of the recombinant secreted 
U.and'was also less than the deduced molecular mass of 
VECF-C ORF wuhoat the signal peptide. By extrapolation 
torn studies of the stnicture of PDGF (Heldin-. =t al Growt>i 
S 245-52 (1993)). one can sp-ulate that the re^on 
enseal for receaior binding and accivaiioa by VEGF-C i. 
conu ned wuhin che amino-cerminal d^t ISO or so amino 
a Id residues of the secreted of VEGF-C protein lacUng^e 
■ • . ir. i-'ir-r the rezLOQ cnucil lOC rec-ptor 

siiina seauenc-. La tact, ine cc^oju . ^^n 

^ ■ , u,, \/vr,^ r IS believed ^.o oe coo- 

talndme and acuvaiion oy vhUr-i- is ucuc ^ 

-■Sd'within Che arst aPP--f^-^^^^° t^sia 1 

dues of the secreted V^GF-C protem lacUag Jthe^igaal 

Th.x: (ht '<D DOlvpeotiae omuiaa ^ 
tSl to"r pr^cSt ;hV ^/EGF^homologous domain. Mter ^^^-^-^^^^.^^^J--;^:^. chat the VEGF Ugands 
STosvathesis the nascent^ V^GF-C polypeptide ?iay oe gly- cO , 3„«rificity la. 1 
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involved tn ib^ 1 thie viGFR-3 is exr^resscd- 

weU tormed ''asai laminas involved in pro- 

ducmg .^.^P^,?^^=T ■-'^^..s. However, as saown dere. 
aviilabiUtyocVEuF-C'.Q i^^« abundant la 

VECF-C also ^^-^J^ = ^^^^S^ J .Ocular sprouts and 
proUferaimg tissues but decreased in 

branchmg vessels ot =«f ^,^367 576-7S (1993). 

. adult, ussucs. Millau" t a Vamr._ ^ _ 

Toese data have sugge^^ed Lhat ^ -^^^ ^Q^.Q cnav thus 
,atorot.vascuU.ge.e.sa.dang^^^^^^^^^^^ ^ a" .ore 

have a uQique ettec. in lytnpn ^ngiogenesis and 

„dundaot f-=-:'^^f,:^u o. of several t?pes of cadot- 

between posiuve aaci aegaiive si^nau. survival 

isis include the tiDrQDLa5L u folkmaa, 
. factcscatter ^^'^^^^^^^^M^^. ^-^-^^^ ^ 

;or;.cto; teUtWely.pe=;ac ^or ^f^^ 
aewlv identified tictocsVEGr-B ana VhUr . 

our understanding of tbe Jus &ed tn 

redundant positive signals for ■'^^^^^^^l^^ ^l^^^, also 
vasculogenesis.angiogenesis.penneabilUy.aOG.e . _ 

was located on ^^^^^^^.....euslv mapped to 

.snartv a ucosamiQidiie gene pt= , = .l<..-cI 

dnH^ia'The VHGF-C locus in 4qJ4 ,s a .caQuiua.= .a.^^ 
4qj4-J3. iQs vt^jir I,, malformations or cirdio- 

for mutations leaning to --'^ ^Jf^^^.TNorthern blottmg 
vascular diseases. E-P^-^ssit^n siuQies b^_^tN_ ^ .^^^^^^ 

and hvbndization snow abuna-nt Jl , .^^^ 

heart and skeletal muscle; ^^^^ ' J^^^Lr. 

l^dney, also -^P--^ ^ ;,^ir«o 'Son patterns of 
r Sre^^^^ctsttlftc. tissues, wl^cb suggests 

■ : cna"v form hetercdicBers and interact to exert their 

physiological f-jnctions. 



Targeted mutagenesis leading to l^aac-ivauon of the V^.r 
recentor loci in the mouse genome hassnown.thatJ/E^FK-l 
IS necessar/ for the proper organizatxcn ot encotheu:^ ^Os 
Fonning Che vascular sndothehum. whue is ne-- 

fs^/ir the generation of both eadotheliaL and he^ato- 
■ooiet c cells. Tnis suggests that the cour genes oc tne V^Gr 
Eaoiiiv can be targets for mutations leaamg lo vascular 
malfonnatioos or cardiovascilar Qiseases. 

-nie foEowing £.-camples illustrate preferred embodiments, 
of the invention, wherein the isolation, charactenzanon. ana 
function of Flt4 ligands and ligand-encoding nuciex acios 
according to the invention arc shown. 



• EXAMPLE r . 
Production of pLTRFlt4l E;cpression Vector 

c rxp- Pir4l vecior is schematically- 

(SaS SssFo^ "o. X68203) was assembled by .rst 
^ ^! . the S-'i fra-iient.-reoorted in Sajusola ei al., 

fatcTL sSil-.^^-^ incorporated by refer- 

Sc^herein containing base pairs 56-Z534 at the Ftt4s into . 
^hrE' oRI sue of the' pS?73. vector (Promega, Mamson., . . . 

Since cDNA libranes used for screening of Flti cDNAs 
did not contain its most 5' protein-coduig sequeuces mve^. 
PGR was used for the amplification of the b ° 
corresponding to the Srst 12 ammo ' acid residues 
(MQRG^'^LCLRLW). Pcly(Ar RNA was isolated L^m 
ffil cH^ and double -stranded cDiVAcopy was synthesized 

m^^^^^^^'' downstream, of 

nd o?=lo;. S2.S. Double stranded f^^'^ 
with T4 DNA oolymerase to blunt the ends ar^d cDNA «a^ 
Turbid wi^h Centncon iCO filters (Amicon t-^^-- 
kiss.). Circularization was made in a .^otal volume of 
u TTie reaction muxture contained ligation buffer. 3% PEG- 
tc^XZtDTV and SU of T4 DNAUgase(N.. England 

. 7. Rt4 cDNA_ and 1 unit of Taq DNA polymerase (PerUfl 
' E'mer Cetus). Two rounds of PGR were pertormed using 33 
c-;^es (dena uration at 95' C. for 1 minute. ' i.^^ 

C for 2 minutes and elongation at 72' C. tor 4 minutes)^ Tne . 
■ Pc" mi-xcure was treated sequentiaUy with the Sac and Pstl 

uGEMji4(.-^-J ve— ui Lu cDNA clone aeaosued 

corresponds to the 5' end of .be F^'*".;^^^ Vna^Os' 
^ the Geabanlc Database as Accession Ko. '-°a-0.^ 

Tne seouence encoding the arst 12 amino acid re^du s 
wal'dded to the expression construct by ^5--, - 
digested PGR fragment ampUned ^^ ^^ 
..'.-■.-....•.n.Prn nf oolvt A)- RNA isolated from the HE__ 

GTGG. CTCl^^^^>' ■ undcrUaed, the Lranslatioaal 
.-ircodon marked in ^old fo^ows an <^J-^^ 

31-iri4l r987)"3^; f:^ctx^ CCGGGGGGT 
c5rC.- fSEQ ID NO: 3) (reverse pamer. Sod .tie 
u;Srlin;d) io the 5' end of the S2.i fragment, thus replacing 
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amau. Spdi craement of Ltic S2,5 pLa^oud Tqc r.suL mg 

vecu:rw^dis.3redwxch£coRI.aad.ClaJa 

bn ?CR fragicat amoliEcd L^om ^iic 0.6 kb EcoRi Lragme:it 

(basc'oairsl739 to ^16 m the G.abaak X6 3203 s. que ace j 

Uich eacodes ch. 3' end of FU4s shown in FIG. 1 of 

PaiUola «i aL, C^cer 52:5738-5743, 1992. using the 

fSEQ tD iN'O: 4) (fopA/ard. EcoRi sue anaerLmcd) and^C 
StGATGG :^CCTACCTG A^GCCGCTTT CTT-. 
^ii^KO: 5) (reverse, Clal sue anderUned) Toe coding 
domaio completed by Ligatioa ot tbe EcoRI 
Era^Aeat (base paL- 2535-3789 of sequence KoS2a.) ^co 
b/above coas:n:c:. Tae complete cDKa was s-ubcicaed as 
• a E4mdlII-aai(bluaLed) Eragmeac (this Clal sue was also 
[ncluded in the 3' onmer used to coQSimct the j end ot the 
codiae sequeQce) to the pLTRpolv expression vector 
epor'ed .a Makeii et aU Gene. 1X3: 293-294 (1992) 
(Gcabank accession aumber Xq02S0). mcorpocaCed by ret- 
.rence- herein, using ii^ Hiadlll-Acc E(bluQted) resincaon 

sites. , • u 

Tae- lOQg form of RtA was produced by repiacmg the 
3--.ad of the short form as follows: The 3' region.oc the Rt^l 
cDNA was PCR-amuliaed using a gene specific ana a 
oGEM 3Z vecior soeci&c (SP6 promocer) oUgonucieQUde 
T-ArrrAGGTGACACT.ATA-3' (SEQ ID NO: 6) as reverse 
aad for-vard onmers, rcspecuvely. and an Rc4l cDNA clone- 
■ -contammg a 495 bp EcoRI fragmeac e^x^eadrng aow^tream •. 
of Che EcoRI sue at aucleoude 3739 of the Genbank.X6820^ 
sequence (the sequence dowusueam of this EcoBJ sue is 
deoosited'as the Fu4 long form 3' sequence havuig GenbaoK . 
■■accession aumber S66407).- The gene specific ohgonucle- 
otide Goatauied a BamHI restrictioa site locaied aght aaer 
the end of Oie coding region. Tae sequence o^i^^^i,'>If"^f^ 
orimer^ o I i 0 n u c I e o t i de was d-CCAILUAI 

nGS-rc GGATGCTGC^^ (S^Q ^o-- 

7) (BamHI sue is underlined). Tne PGR product was 
dieesied wuh EcoRI and BamHI and transferred m trame to 
- LTRfU43 vector [:ra-ment from which the codmg sequences 
downstream of the EcoRI sue ai base pa^ir 2^^^ (see 
sequence ■X6S203) had been removed by ccoRI-BamHI 
dicresLion. Agam, the codmg domam was completed by 
ligation of rhe 1.2 kb EcoRI fragment (base pairs /3.9 
oF sequence. X6S203) back into' the resukmg consLfuct. 

EXAMPLE 2 
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. Production and .Analysis of Flt4l Transfected Cells 
N-IH3T3 cells {60% conaucdt) were-co-transfecied wuh 5 

■ ua of the pLTRFU4l construct and 0.25 ag of the pSV2neo 
vector (.ATCC) coataining the neomycin phosphotransterase 
acne, using the DOTaP Uposome-based iransfectioo 
T-a^ents (Boehringer Mannheun, ..Mannheim, Germany). 
One da.v after the iransfecuon the cells w.re transferred ,nio 
selection media cQotaminsr 0.5 mg'tnl geneticm (GIBLO, 

■ Grand Island, iV.Y.). Colonies of geneticm-resisiant cells 55 
were isolated and analvzed for expression of the Rl4 pro- 
lems. Cells were lysed m boUing }ys^^^_;^^f [^^^^^^'^^^ 
J 3Vo IsUCs (^sonium dodecvi suialiatc), I—- vi-Lir\ . * t-. . w.^. . 
Protein concentrations of the samples were measured by the 
BCA method (Pierce, Rockford, lU.). About 50^ag oi proiem 60 
of each Ivsaie were analyzed for the presence of FU4 by 5 /o 
SDS-polvacr/lamide gel electrophoresis (SDS-PaGE) and 
immunoblotiing using antisera agamst rbe.carboxyl termmus 
of Fn4 and the ECL method (Amccsnam). 

For production of anti.nt4 antiserum the Bt4 cDMA 65 
fracrmcnt encoding the' 40 carbox:/ -terminal ammo acid 
Sesiaues of the shl^rt torm: tVH2- P^ITPTTrKG _ SVDN- 



QTDSGM V1_\SEEFEQ[ ESRHR-QESGFR-COOH' (SEQ 
ID 'MO: 3) was cloned as a 657 bp EcoRI- fragment into the 
oG£X^l>^T bacterial Vxpression vector (Pharmacia) "in Q-ame 
with the giutathiane-S-traasferase coding regioQ- Tae result- 
ant G3T^FU4S fusion protein was produced in £. call and 
punned by aiSnicy chromatography using a giutathione- 
Sepharose'4B column. Tne puriaed protein was lyophiiizsd, 
dissolved in phosphate buffered saline (PBS), mixed with . 
Freund's adjuvant and used for immunizadon of rabbits at 
biweekly inter/als using methods standard in the art 
(Harlow' and. Lane, .Antibodies, A Laboratory Manuai, Cold 
Sprmg Harbor Laboratory Press, 1988). .Antisera were used 
after the fourth booster immunization for immunoprecipita- 
tion of FU-i from the- trans fecied cells and cell clones 
e;cpressing FU4 were used for Ugand sLimulation analysis. 

EXAiVlPLE 3 

Construction of a Rt^ £C Bacuiovirus Vector and ^ 
.Expression and. P-ariEcation of iLs Product 
Tae consimction of an FU4 exuracellular domain (EC), 
bacuiovirus vector is schematically shown in FiG. 3. Tne 
FU4-<:ncoding cDNAhas been prepared in both a long form 
and a short form, each bemg incorporated in a vector under 
control of the Moloney murine leukemia virus LTR pro- 
moter Tne nucleotide sequence of the short form of the Flt4 
receptor is available on the Gecbank database as Accession 
No.*X6a203 and the- specinc 3' segment of^the long form 
cDNA is available as Accession Ko. 566407. 
' Toe ends of a cDN'A segment encoding FLt4 e:araceliular 
■ domam (EC) were modified as foUows: Tae 3' end of Flt4 
cDNA seauence (Genbank Accession iVumber X68203) 
which encodes the extracellular domain was amplified using 
pnmer 1116 5'-CTGG AGTCG AtTTTGGCGG aCT-3' (SEQ 
ID KG- 9- Sail' sue underlined) and primer 1315 ^ 
CGATCCCTAGTG.AXGGTGATGGTGArGTCTACCrrC 
G^CATGCT GCCCTTAT.CCTC-3' (SEQ ID NO: 10, 
BamHI site underUned). Tne sequence complcmentar:/ to 
chat of primer 1315 contmues after the FU^ reaamg trame 
and encodes 6 histidinc residues for binding to a Mi-NTA- 
column (Qiagen, Hiidea. Germany) followed by a stop 
codon, and an added Bam HI site. -The ampUfied tragment 
was digested with Sail and BamHI and used to replace a 
unique Sall-BamHl fragment m the LTRFU4 vector, shown 
in FIG. 3. The Sall-BamHI fragment that was replaced 
encodes the Fit4 transmembrane and cytoplasmic domains. 

Tae 5' end without the FU4 signal sequence encoding 
region was amplified" by PGR usmg the P'^i;[ner 1335 S'- 
CCCAAGOTGG^^CC.AAGTGGCTACTCC^ 
'(SEQ ID NO- 11)" (the orimer contains added hindLil 
(A.AGCTT; and BamHI (GGaTCC) restriction sues, which 
'\r- underiiaed) and primer 1j-- 

S'-GrrGCCTOTC^TcVGCACCv-y (seq ©^0:^12). 

Tn« amDlincd fragmcQi was digssied. '.vun hiQdII! lad bpnl 
(lbs HindlH sue (.A.^CCTT; is underiined m pnincr U-o 
and the Sotil site is wuhia the amplified region oc the rlWi 
cDNA). tae resulLim Hindlll-Sphi Erigmeot was usea co 

rhe modified LTRFU41 
ve^:l^r"describTd^imediate^ above (the Hindlll sue is in 
the 5' junction of the FU4 mseri wuh the pLTRpoLy portion 
of the vector, the Sohl site is in FU4 cDKA).-Tae resultant 
FU^E^ -nsen was then Ugated as a BamHI fragment into the 
BamHI site in the oV-TBac pLasmid as disclosed in Tessier 
et ai., Cene 98: 177-133 (1991),. incorporated by reference 
herein. Tne orientation was confirmed to be correct by 
partial sequencing so that the open reading frame of the 
sicrnai seouence -encoding portion of the vector coniinuea m 
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aad used Eor vniecuon ^'J^e^J^^'^d in th= aru Tae^ Fll'V 
D.ego, Calif.) us-.ag f ^^^''"^.d Eron cfac culture 
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isolauo. of FU4Ug.ad from Coadiaoacd Media 

C,o« =-f C ^ie-rtcaa Type GalLurc 

aoma csU lm= f ^ „ ih= supplier in 

_Coa<^zixoa and CdUurcd as ^1'^='" J„ijiniag 7% fetal 
Ham's F-12 Kueneai mx..mre (GIBCO) 
calf seruca. lo order ^^^Xr, for 7 days in Ham's F-L2 . 

Nuineni tnixiure (GIBCO Q tae io,ooo 

'^^'S;.%T?"asXhladL.n\raos^ wut: 

: exposure to NIHj U TRFU41 vecior. For recep- 

ct^4-eacodms=DNAusmg th=pai^^^^^^ 

,or sdmulaiioa expenfflec^. sod ^.^.^^ 
were starved overnight m s«n,^ t^ ^^^ ^^^^ ^.^^^^^^ 

■ (CISCO) coaiaiamg 0.2% f^ f^: wasUed c^v^ce with 
,withtbe=oadmoa.dmed- .oO m:t^^^^^^ ^^^^ 

cold PBS containing 7' ^.,^0. 0.5?5 sodium 

. buffer (10 mM las pH /;-- ^"7^0 „ ' Poole. England), 
■ deo;cycholate. 0-5% Monidet P'^L^^J^f 'J^ Mananeim). 1 
. 0 1% SDS. O.l U.'oil Aprotiaifl (Boehrm = 

vanadate) for ^^^^^'ST.S^^.- 
. T^. lysaies ^'^^.^S^f^.f^' 2 bours OQ ice with 3 

The supernatants were '"^f f ^^^^^.^^ described in 
ul of tbc antiserum against th Bt4 Ct 

Example 2 and I'^^^l"-' ^^i,,,ac^ ^<:=ia. 

1931-2937, C1993). incorporated J " ..p^,^ 

a 2 hour ^.^''--^^^VJ S 

■ latisenim, procein ^^.-^^P^^f ^.^"^i^^.es wiih rotation. Tne 
iacubation was continued .or 45 mmu ^ ^^^^ 

. icnmunoprecipuaics ^^^J'^^^^f iQ miM Tris. 

■ immunoprecip.iatwn buder and t ^^^^^^^^^^^ 

pH7.5 before analysis lO ■^t^^"';';^ . ^y'wesw 
ransferred to nitrocellulose ^"^^ analyzed by ^^^^ 

using FU4- or ^^^^^^'^^^Zi^^^^^uc^.^^^^^ 
ECL method (Amersham ' ^lo^a antibodies 

Ecigland). .Anti-phosphotycosine 

(anti-PTyr; ^^20) -'^ Alters were 

■ ratories (Le;cington, ^/ [- 'J^^ sinoping. Tne stnp- 

restained wub a second antibody at^^ ^W . ^ ^ 
p^g of the filters was aqne to^^^^O »f ^^^^.^a pH S.7 

mM i-cnerciipLucui^i^^"^. 

wUh occ-asional ag^aticn.^ ,,„ditioa=d medium 

AS Shown m FIG. 4, the rv- -f , ,25 vdD aolypep- 
sflmuiated tyrosine P'^-Ph--;^^^^^^^^: ^fre. treated w^^^^ 
ude when Fu4-e;cpressmg ^ .j. ,„d the lysates 

ihe indicated preparations °. ^ ^^f,^ fallowed 

wereimmunopr==ipitated wuh ^ti-Pa . aa^^^^ 

by SDS-PAGE W«te™ b«^^ ^^^^ ^4^,, 

cyiaced upon ^'-ulat on wuh unconc -^^^ ^.^^ 
.tioned medium (lane 2). The l-i UJ o 



,,ie :yros-.ne P^.=^ i^,, , ,,d 7 

ot FiG. sv.- iiso - - _ ,„,ibcdies as is also shown m 
- ■ ra ^b^^iS? la order 10 snow that ^e 115 

' i o"c?/pe5de is not a noa-spec-lfic comuoaeat o: the- 
Sjdoned cnedium reactave w;th aQti-pnospnotyrosme 
an^OQiL -i ^1 oLcoaditioned medium were separated oy 
■ s™Gk: blotted on aatrocellalosc and the blot was 
in stained "wxth aau-PTyr antibodies. Ko signal was octainea . 
'° . nC 5BV .Also, unconditioned medium taded to stimulate 
Vu4 ohosnhor/lation, as shown in FIG. 4, lane L. 

' ■ . ' rtr, d lane " stimulating activity was 

.AS snown m ~^G. 4, lane , 5 

considerably ^°=«"==^:2=^3it fc uaTcoa-LO concentra- 
15 was concentrated four-.old usmg^ C ^^ ,,,,„,,,,.ai of the 

,or(Ami=oa). c-^G. 50 ui of the 

concentrated P'-O conaiiiuu rM'Br-aciivated 
FU4 e.-ctrac=llular domain coupled to CN3r aui a 

, r-r AH rPharmacia; aoout 1 mg ot puh.cv- 

sepnarose CL-4B '^jpteteW abolished F\t4 

:Q dcmam/ml sephacose of the con- 

srs 5~rS^.rr ^^^^^^^^ 

6 



Thf^ FcreeoiQ^ data sbow that. c.iis pru"^ 
wSbindl to the extraceUulardomainof Flt4 and activates 

ltii5 cccspcor. 



J u.r pr c=lls as characterized in 

The ligand '^^V^^f^f^. ^I'ed "^ing a recombmantly- ; 
•E.xample 4 was purified and isolateo asin 

produced Ftl4 e.-ciracellular domain (.tit tu; 
cnromatography. conditioned medium, com- 

Two °^^^\^,'^:Sle °e1 from 500 conEueat IS 

^cri^r'cii^-dXscon..^^^^^ 

• ^^--^ .?,V0COr a^J =Tn?^aTr:red S^^^Sd usLg an 
inrugation at l-'J-^'r , =. n^,/ic- (Filiron, Koahborougn. 
Ultrasette T-.?-"^^^^ °^ o^^^^; ^ S^^^^^ membrane 

• Miss.) w«h a 10 ^ °^^^r="'s instractions Recombinant 
according to the ^/">^^^='"'=' ' ^^.^ed in a recombinant 
Flt4 extraceUu lar -i^-^^'^J^^^.^bv affinity chromatog- 
baculovirus^ =;^ ;,^:^=^i:^raS column obtained from- 

SenT '^^e^^^---- ^ Sn^^ntrTtll^n^Vl 

./^rS^condUion^me.^^ 

hours. .^1 ^-°^'^^".;„^^ra^f;;;:dVo'7column (Pharmacia) 
iffiniiy main.-c wai then ^^osierre s.^^essively 

with - 50 oS^ ot 10 mM Ma-phosphate 
• 3) Bound material was eluted step-wise -vith 

buier (pH 5.a). aoua , ^ ilutioQS having phs 

if.r' I fad ' :f S:v\Tarfml fractions of the eluate were 
- cnlc-ell^n tub;s =ontaining0.5 ml 1 M Na-ohospnate- (ph 
" S 0) F"<^ons were mi.<ed immediately and diaiyzed in 1 
- m° t f ris'-HCl (pH 7.5). Aliqucts of 73 ul eacn were analysed 
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for tbeir abiUr/ to stimatau: tyrosine phosphor/Udon of 

condkioned medium bc£or= and after ligaad a£au/ 
cLomacQgraohy. as *ell 05 Li-Eold coac-.niratcd Erac:ioas or 
m^unarrdeas'ed Erom .he Rl4 ex.racellu ar doma.n- 5 
siharosc macnx duriag Che washings were also aaaiyzed 

sbown iQ FIG. 5. lane 3, che ^'^""'^^""^ ^^"^'^f ^^^^^^ 
^edmm induced crom.aem cyrcsine ^ ,o 

ia iraosfeced NIHS-H cells overexpressmg Tais ic v 
°v QOt observed in coQditiooed meatum taken a^«r 
icdTum was e.ocscd to the Flt4. Sepharose affimty macox 
deSnbcd . above (lane 4). TTae specmcaUy-bound Rl^ 
Sulatma «a.enal was cetamed on the affimty cnatr.. apo^ 
washes in'PBS. 10 mM Ka-pbospbate buffer CpH 6-3).. 
row Vo (lanes- 5-7 respectiv=lv)..and u was eluted in-lhe 
L'"w?2 ^"a;uo. aTpH 2.4 (lanes 8. and 9).. A fuxther 
decrease of the pH of the elurioa buffer did act cause, release 
■ of additioaal FU4-saaiuUtiag material (laae U). 

to SDS-PAGE under . 
■"redS coaditions w>th subsequent silver stammg ot the 
t .^'shown tn FIG, 7, the -aior polypept.de bavtog a 
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eel .AS saown ui n-j. ', >— j— ^ — 'j^^ r-, / ^ ^ 
molecular we.ght of approximately 23 IcD- (reductng 
^ouduions). was detected tn the fractxoas f'^^^}^^!^^ 
stimulates activity (cocrespoQdmg to ^-^^'S^^^'^.^^^j^J- 
6-, Tnat polvt:eptide was aot fouad m the other chromato- 
:noSc lacitot^. On the other hand, aQ =°-P°"/^'^ 30 
iLected ui the tv.0 active fractions were also d'-Strtouted m _ 
the startia- material and in small amounts m the other 
V sh ag'^d elut:oa steps after the. concentratioa. War 
results were obtained in three tndependeat alBntty 
ouaficattons,.a,d.catmg that the- 23 ^ .^oiV^^'^l'^^^^f'^- 
•callv b.nds to FU4 and induces its tyrosine phosphor:/latiQn. 

Fractions containing the 23 kD polypeptide were . 
■combined, dried m a SpeedVac concentrator -"d subjected 
to" SDS-PaGE in a 12.5% gel. Tne proteins from the gel 
wcfe then electroblotted to' Immobilon-P (PVDF) transfer ^ 
membrane (MOlipore. Marborough. Mass ) "-"''i.^^^ 
bv stamma of the blot wuh Coomassie blue lae 
region contaiaing only the stained 23 band was cut Erocn 
thf blot and was subjected to ^/-t=™laal ammo .acid 
sequence analysis in a Prosue Protein Sequencing Sys.em ,3 
Applied B.osvstcms. Faster City. Calif.)^ Tne data w.re 
analyzed using a SlOA Data Axial ysis System (Applied 

, • Biosystems). Analysis ^So'^TsEQ 
sequence of NV.,-XEETIKF.WJi^rmEIUv-COOH (SEQ 

ID NO; 13). -so 
EX.AMPLE 6 



. AJiiplificatioa of the Unique Kucleoiide Sequence 
Encodiag the Fu4 Ligand 

Degenerate oligoauclco tides were designed based oo the 
K-icrminal amino ae;d sequence of the isolaied Flt4 ligand 
and were used as pnmets in a polymerase chain reacuon 
(PGR) to amnlify cDKa encoding the- FU4 lig-and from a' 
PC-3 cell library. Tae overaU strategy is schematicaQy 
depicted in FIG. 9 A, wtiere the different primers have beea 
marked with arrows. 

The PGR was carried out using 1 ,ag of DMA from the 
amuliiied PC-3 cDNA librar/ and a mixture of seasc-straad 
primers comprising S'-GCaG.ARGAJIACN ATHAA-T 
(SEQ CD NO: I4)(wnerein R is Aor G, N is .A.G,C or T and 
H is A^ C or T), encoding amino acid residues 2-5 (EHTIK, ; 
SEO ID' ^fO• 1.5) and antisense -strand primers 
5-.GCA^-TTNARDAT-rrCNGT-3- (SEQ ID NO: 16> 
■ (wherein Y is C or T and D 'Is G or T), corresponding to 
imino ae.d residues 1^13 (TEIO^ SEQ ID NO: 17). Three 
extra nucleotides (GCA) were added to the 5 -terminus of , 
each primer to increase annealing stability. Two successive 
PGR runs were earned out using 1 U per reaction of 
DvaaZvme fF-5Q0L- Finnr/mes), a thermostable DNA 
oolvmerase. in a buffer supplied by the mauuracturer (10 
miM Tris-HQ. oH 8.3 at 2i' C., l.S mM MgO., iO mM ■ 
KCl 0 1% Triton-.KiOO), at an extension temperature oc /i 
C TTie first PGR run was carried our for 43 cycles. The &rst 
[hree cvcles were run at an annealing temperature of 33° C. 
for 2 miniites, and the remaining cycles were tun at 42.. G. 
for 1 minute. 

Toe region of the gel containing a weak band of the 
expected lize (57 bp) was cut out from the gel and eluted. ■ 
T-ae eluted material was reamplified for 30 cycles.usmg the 
same primer oairs described above at 42' G. for I minute. 
Tne amnlified fraament was cloned into a pGR 11 vector 
(Invitrogen) using" the TA cloning '^it (Invitrogea) and . 
sequenced usins the radioactive dideoxyaucleotide sequeac- 
ing method oC'Sanger. Six clones were analyzed and all 
contained the sequence encoding the expected peptide 
(amino .acids 2-13 of the Flt4 ligand precursor). Nucleotide 
sequence scanning the region from the third nucleotide ot 
codon 6 to'the third nucleotide of codoa 13 (the extension 
re.^.ion) was identical .in all six clones; 
S .^CGCTGG.AGCAC.ACX^G.AAC-3-(S£Q ID NO; 18) 
and thus was coniidered to represent an ampUhed product 
from the unique sequence encoding part ot the amino 
terminus of the Flt4 ligand. 



Constnaction of PC-3 Cell cDNA Library in 1 
Eukar.'Otic E.xpression Vector 



55 



60 



Poly(A)- RNA was isolated from Sve 15 cm diameter 
conauent dishes of PG-3 c,lls by a single step method- usmg 
oliod(dT) (Type III, Collaborative KcacaicLi; ^c^-"- — - 
u7chroti^atoSaphy (Sambrook -.t al.. Molecular Glonmg, A 
Laboratory Manual; Gold Spring .harbor ■Lacoratory Pres^. 
1989). Tne yield was 70 ug. Si:f n^'-crograms °t ?oly(.A) 
RKA were used to prepare an ol^S°(-i^^-P"'?=^ 
Ubrarv in the mammalian expression vector pcDNA I and 
ihe Ubrariaa ku of Invitrogen according to the mstructions- 
Included in the kit. Tne library was estimated to contain 0= 
about lOMndependeai recombinants with an average insert 
■size of approximately l.S kb. 



EX-AMPLE 3 

AmoLiacatiOQ of the 5' -end of the cDNA Encoding 

the Flt<i- Ligand 
Based on the .unique nucleotide sequence encoding the 
N-termmus of the isolated Rt4 Ugand, two.pairs ot nested 
primers were designed to amplify, m two subsequent PCR- 
,h» ^r,n;^r.\^,f. ^'-end of the GorTesDOoding cDN<is 
■fr'om' one 'microgram of DNA from the above -descnbed 
PC-3 cDNAlibrary. First, amplification was perfom^^^^ wun 
orimer 5'-TGNGTGTTGTAGTGTGCTG-y (ScQ ID NO. 
l9), which IS the antisense-strand primer corresponding to 
amino acid residues 9-15 (.^AHYT^. SEQ ID NO;' 20). 
and sense-strand primmer 

5'-Tv:a-AGGACTG.^CT.^AGGG-3' (SEQ ID NO-^21) 
corresoonding to the T7 RNA promoter of the pcDNAJ 
•vector" used for construction of the library. "ToucndowQ 
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,9: 4C0S (1991). mcocjoraced ''/^/"""'^^.^ c. lad 

subsequently the ^°^f ^"^^^ =S tcmocracure oc 53" C. 

tSed ' t w£:h te^pe" air. 16 addidcnal cycles wer. 
wasceacMa. itwQicate^P „iensioci at 

each cycle -vas coaauc'.ed ^ ^^^^ reaction. 

The produc-^ o£ the &r.t 'rt"""^;^ ampLincatioa. 

dilutioa la waeer) were usea a: J= ^-^^^^ ^",,3 5'- 

reacttOQ ^^P^A^^"? CCAAIT-l' (SEQ © ^fQ: 22), 
.a *at>sense..traad prio«^.or^..poa^^^^ ^„ 

,«idues °-'-/-^"-^^lSbGACACCC,^AGC-3; (SEQ 
Ugand. and 5 '^7~^ corresoondine to aucle- 

.nds of the ^=-"|°'J-^S o::r by decreasing the 
atinealmg letnnerature Erotn - too 
v>nch 13 additional cycles at 60 .Tbe an° = ^^^3, 
I cninuie and e.teosion at "^^L^-^^^ 220 bp and 

C. fcr 2 minutes. Otie ^'^1°' ^^J'^^'^T^' and 100 bp 
Ihree minor products 0: about 2/0 bp, liU op, an 

SiS^%§^JSgfgS^-AOcr.A. 

?ggJi;?ASAGAGA.AC.AGCCC.A.ACCrGA.ACT^ 

(SEQ ID tMO: a" -'presents 

toe ocDN.Al vector and the ut^derUnea s-a k 
..e -Pl-ed produc. oc the . .n 0-^^ .t'saiading 
- codon located upstream ol that sequea ^QQiaiamg the 

. ■ . f°^^°7^,^;.rp"a:We l;^" '^^ and' the . 

amplified product of the putal ve sign h 

.Rest .3 amino acia resioues ^ f -^^'^ 

■ ■ ;-S^rol"m^r^^ 



don. Taosc produc-^ «ere dQuted 1:2C0 ta --'=^^^.«7: 
olified in PGR using the secoaa pair oi pr^.me s. 
V-.A^GAGACT.^.^wrrCGCTGCAGC-.. ScQ D 
N0-^S)and5'-CCCTCTAG/^GCATGCruGA-. (ScQ D 
NfO- ig) (andscasc -strand pmner correspoaoing to aucle- 
otides'--7a-"98 of the ocDNAl vector). Two DNA crag- 
a-ais wer; obtained, having sizes of 1350 bp and 570 bp. 
Those fragments were cloned into a pCRII vector and the 
.Viscrts of^e clones were sequenced. Both ot these crag^ 
caents '.vere found to contain sequences encoding an ammo 
acid sequence homologous to the VEGF sequence. 
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EXAMPLE? 

Ampliftcation of the 3' -end of cDNA-Encoding the 

FU4 Ligaad 

Based upon the amplified , 5'-sequence of ^e clon^^^ 

.^coding the 

nested ? amers were designed to atnpliiy the . 9^ ^ ^ . ^ ^ ^ 

F LT4 ■ L do J °= JL^ VrsioiD MO:"25) and 

. 5'.AC.AG.AG.-^C.^GGGC.^ACO. ^ 

^3i "?^9 of le pcDM.Al vec\ar were used in a nrst 

-:;Luchdown" PGR. ^e annealing ^^^^^ J\ ^ 
J -i" -very IVJQ c /clciS uocu ' - v-. -f- 

hoQ was decreased 1 C. -vcr/ '^.-^ ' carried 
C.. .1- which temperature 1. -^J-f ,,,, 
out.Tne -""^-S '-^^^/c^^^ 0 V^mutes. DNA frag- 



EXAMPLE 10 

Screemng the PC-3 Cell cDKA Librar/ Usi^ng the . 
5' PGR Fra.ginem of Flt4 Ugand cDNA 
^ .19 bp 5'-termiaal- fragment o: FU4 ligand =D^f ^ was , 
.oi^lied by PGR using the 5' PCR^ragment described 

^G^I^rA.GTOTGjr=GGAGGGAA^f%:^^^^^^^ 

^-.^.TG:^u^.^g"aGaGGG.A.aGC-3-^^^^^ 
fseose-orimer correspondmg to aucleotines 21/9--1W Qt 
hc^cDKM vector). Tae ampUfied product wassub,ect=a to ■ 
the P=-JI^'^ ' r-n^^arn-tt Mannheim to remove the 

digestion 'Wth hcOKi t.OOccit-U;,5.i I ^ ,u,' nr-OMAl 

^ ■ ■ f ,h, HMA leauence amplLfied trom the pcUlNAi 

of the- Fit. ^^^f-- If^f^t^r^^iJ^BT^^^^^ 

solution. O.l'TJ; SDi aaa u.i cii^Lii_ ^ o l^o SDS for 

DK-A. FUters w=re washed -^^^ f^Sf: ft 30 miLtes 
30 minutes at room temperature, then tv/ic- .or 
at 65" C. and exposed overnight. 

On the basis of autoradiography: 10 positive recombinam 

from the libcarv. Plasmid DNA was ouruied &om these 
from the E^Ri and NotI digestion and 

r^a'^e Zefel c rophoresis followed by ethidium brotnide 

■ST^^ratetl'^^^an^ 

. &S^ra%=:;^":s^^^^ 

SO quent sequencing reactions 

Sequence analysis showed Jat^aUdone^ -^^^^ ^.^^^ 
reading trame encoding •-he ifH-^ ^^^^^^ 
FU4 ligand. f'^^'^=^°^;v'^^\He3S equence(RG.9A. 

tinued using waLking pnmers m the downstre^am^^ ^^^^^^^ 



Sa^a^ Daubase. the predicted protein product oc this 

ccading cr^m. was fouad .o J^7^°==pn,'EGF family of 
dieted amiQO aciG scqu.au.s oc the ^^^^ ^ ' 
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• Scimulaiion of FXi'^ Aucophosphor/iadoQ by ihc 
Toi.m Produc. of chc Fit* L.gaad V.cior 
Tn. - 1 kb insert of ch= FU4-LcLoac m pcDN^J vector 

eozyraes, liOiaicu uuLu i> „Dcp7 cxaressioQ vector 

eo ch. corr.spoadmg sues m the pR^^^^^ 



20 



25 



et al.. Molecular i_iQQiii=. .gggx ^^Quf 43 hoars afwr 
Spring K.rbor /T'^:;St^^ c=lls was chaag.d 

Example 4. The c-lii '^jv Western blomng using 

aciLi-Qbosphocvrosine ancibodics. ' • 

atiLi ijuoaw . laneS' L aad 3, the cocoi- 

At; cnn be seen [rom rlU. U. lanci l r , ^ 

. -Hr """"" 

■ ts,r.id^- so. 72 

. Urd vector clcae-Uavmg aa apprcxun.ccly 2.1 Wb .Q|e« 

FU4-L expression vector clone, ana ^^^^ „ fZ,„^ 

. !cuv= m! sequenc-- ..coded by "^-.^^P" 

rrued .Jf 'c.; Jeaca^Typc CuUure Co Ue cue a 12301 
Par°la.va Dnv=, Rockvaie. Md. 20S52 as accessioc aumber 

• seqaencs set Eonh iQ SEQ lU i^u. ^ 

ac4u=u Q ^ sacodes the 41^ 

sequence set Eorth in btu uj i j 

■ residue amino acid sequence set Eorth in SEQ ID NO. 4i. 
■ However, the predicted molecular -weight cE Che mature 
protein product deduced from the ^"'^"JS X» PC 3 
SEQ ID NOs: 32-33 is 3SSS1 and the FU4 hgand trom PC-. 
c-Tcultures had an aonrcximate <^olcc^i^c ^^.^ai ol Z.^ 
unLr rlducing conditions. U is thus P"--^*" ^! ^J^^ch 
■ mRNA mav be ftrs.t translated into a P«="^^° ■, ^"^t^^^Lf^ 
the .mature- Ugand IS 

diifereace in the observed molecular weig„i uu^ 

r^tS^n rSdS ?»roE r^.^::^^ 

c'o^nEor^tng .0 the 

0 sensu^ wSh can be ideatined m ^e '^^^^ 
amino acid sequence (N-residues underlined in .ICS. lUB 

'"Tnrcarboxvl terminal amino acid sequences which 
• Jeasc the predicted molecular weight oE the FU4 Ugand 



subunit in comoarisoQ with other Ugands oc this tamuy 
saow a oattem of spacing oE cysteine resioues reminiscent oc 
the Balbiani .ang protem 3 (BR3P) sequence (Digoam and 
Case Gene SS,' 133-140. 1990). as depicxa m FIG. 9A.. 
■^uch' a seauence may encode an independendy coldea 
domain present in a ^14 ligand precursor and il may be . 
involved, tor eximule, in the regulaiioa oc secretion, 
solubility, stability, cell surface localization or activity of ihe . 
Rtd ligind. Interestingly, at least one cysteine motu of the 
BR3P type is also Eound m the VEGF carboxy lermmal ■ 
amino acid scaueoces. 

Tqus. the Fil4-L mRNA may be- arst translated into a 
ore'cursor from the mRNA corresponding "to the FU4-L 
clone Erom which the mamre ligand is denvea by pro- 
teolytic cleavage. To define the mamre Fit* ligand product 
one 'first expresses the cDKAcione. which ^ deposuen m the 
ocDKAJ exnression vector, in cells, such as COS cells. One - 
Ls antibodies generated against Rt4-L-encoded peptines 
such as amino terminal 23 amino acid pepadc or oactenal 
Rt4 Rision proteins; such as a GST-fusion ?;otein, to raise 
antibodies against the VEGF-bomologous domain ot .114 
Ueind. One then foEows the biosynthesis ana processing ot 
the FIt4 Ugand in the transfected ceUs by paise-cnase 
analvsis ^mg radioactive cysteine.Eor labeUing of the celh. ■ 
^m-onoorec-Liation and gel electrophoresis, ^^ing anu- 
bodies against the tv/o domains of the product on the FU4-L . 
clone material for radioactive or nonradioactive amino er- 
tninal sequence analysis is isolated. Tbe determination of (he 
I^^H'-termuial sequence of the caroo.'T/l terminal tragment 
. allows Eor identification of the proteolytic processmg sue. 
Tnis is condnned by site-directed mutagenes^ o: the amino 
■acid residues adjacent to the cleavage sue, wtucn woulo 
oreveQC the cleavage. , ' - ■ 

■ On the other hand, the Flt4 ligand is characteraed oy 
nroeressive 3' deleuons in the 3' coding sequences oE t.e 
Flt4 U^and precursor clone, resulting in carboxy-lerminal. 
S^ncatiocs of its protein product. The -tivu^s ot suca 
truncated forms are assayed by, Eor example ^'^^yuig FU^ 
autophosohorvlation Educed by the inincated proteins when 
acSto c-.itures of ceUs, such as iVIH3T3.cells e.-cpressmg 
LTOFlt4. 3y extrapolation from studies 
the related platelet derived growth factor (PDGF, reter.nc. 
H Idin et al . Gro^^h Faaor. 3:243-252 (1993)) one deter- 
cnines that the region critical for receptor activation by he 
Fit* U'-and is contained within its first approximately ISO . 

' Imino acid residues of the secreted VEGF-C protein Uclang 
th^^ignal sequence, and apparently withm the first approxi- 
mately 120 amino acid residues. " 

On the other hand, the difference between ^^^^"'^^ 
so ■ weights of the punned ligand and the open reading Erao^e o t 
the Rt4 precursor clone may be due to the Eac tha the 
folubTu^^nd was produced Erom - ^/---^^^^ 
mRNA which would also be present in .be PC"- ^-l^' 
which the isolated ligand was. derived. To isolate sucn 
55 rSat ve cDKA clones one uses cDf^A Eragments ot he 
" deo'si d clone and PGR pnmers made ac==raing to ihe 
sequence provided as well as techniques standard m the an 
^■r.,... .,i.r.mative cDK.-^s Erom Che PC-3 cell 

cDNA"ubrar7 One may also amplify iising reverse crao- 
.0 SdoSRT^PCR directly Erom the 

nnmers provided m the sequence ot the FU4-1. cone. 

■ Mle-native cONAseouences are determmea trom the resuU- 

^^'^T^ r Fn4-.irais tr: 

"nS DkI libra?;-. ^-^-<^ 5 ^^^t 

to seau-ence such clones or their subcloned fragmenis^io 
reveal Che corresponding exons. Alteraaave_e..oas can ihen 
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which ire subsequenUy charactenzea. 

Expression of ctie FU4L Gcac 

QutnaB tumor =-ll '"^f; ' j.^ ^.^^^ (scecmc aciiv,iy 
Ubcllcd u:s«. oc hybrid^d over- 

Qigni at C. using ^ ^^j^^t, sp^nn 



tnRNA:s (HG. U). 
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VEGF-C ChaLOS are Proicolyucally Processed after 
, Biosynthesis and Disulaae Linked 

as deduced tcom chc VEGF-C OEIF specmed ^ Scg D 
Mnc- ""^ Arid 3-j LS L ..ft-u. au.-,^^^'^^ t_'^u 

Siacu« Ugand of 23 ^ ^ d.rived by proceolyuc =l=av- 

"'to smdv thi3, a3«aboU= lab«lUag of 293 EBNA cQs 
..Sr^^J ^uh the VEGF-C --trac. .as ca^cd out 
,ddaioc oe>00 aCi/tBi ot ^^^^^ ° H.d oE 

VHGF-C ..bound to 30.ioc as.^^ 

- -rX^t- 20;:M T.iSci CpH V.-^aUcy .auo. SDS-P.GE 
and auLocadiography. • „^,r^r 

Thtse exoeriments decnonsLratca -s-^i. * h . 
po?;^t.d/on2 ^ ^PP-- -^-^^-of :rab UcaUy 
labelled c=lls cran.i:=c:=d wuh a Y^^I fo-'fj!" ^.-Itrdia- 

Lbsequent chase penod of 3 ^^^^L" 
and data not showa).- suggesimg that .He "™ 
pcoduced by prouolyuc process-g. wtx>=h - ceU-a.30CUted 

The arrows in RG. UA lodicate ttie J- ^ 

"^r'.r'^GP C .solaied us.ag FU4EC. 
SeiL^^s^^ale nir— ;s a.euboi.= UbclUng .as 
!-[^by po^yac^a.^ -l^-^S^l^^s 

, rafthe VEGF-C polypeptides can form disulfide -Unked 
diraers and/or muilimers (arrows in FIG. -Jb). . 



SticBulaLioa of VEGFTl-2 .Autophosphor/laiion by 
VECF-C 

' Coaditioaed medium (.CM) from 293 EBNA ceQs trans- 
Eccied '.viih cbc VEGF-C vecior also was used CO stmniUte 
porcine ionic eadotheUd (P.AE) c:ils e:cpressmg VEGFR-2. 
Pajusola et al.. Oncosene, 9:3545-55 (1994); V^alieaoet^er 
ec il /. 3ioL Chem.,. 269:26988-95 (1994). Toe cells were 
lysed and immunoprecipiLaied .using VEGf R-^— spccmc 
anliserdm (Waiteaberger el al., 1994). 

P.^-KDR cells (Waluaberger et aU i594)wc„ grown in 
Ham's F12 aiedium-10% fe-.ai calf serum (FCS). CQaduem 
KIH3T3-F114 ceUs or P.-^E-KDR cells were sur.-ed over- 
Qigh. in-DMEM or Ham's F12 media. ^Vf^^^l^^- ^^JPP';; 
^Led wuh 0.2% bovme serum albumm BSA) and then 
Scubaied for 5 mm. with the analyzed meaia. RecomoinaQt 
hi^an VEGF (R&D Sysxms) and PDGF-BB were used as 
;^n rol sdmilatmg agents. Tnece^s were washed .vk 
with ice^old tris-bugered saline (TBS) coaiammg IpO, mM 
^Sxm orthovanadate and lyscd in RIPAbutfer contaming I ■ 
S p^enylmetb-ylsulfonyl Suonde (PMSF). 0.1 U/ml apra- . 

and 1 mM sodium orthovanadate. Tae lysaies were 
sonLatrd. clS^ed by centnn.ga.on ac 16.000 g-for 20 
Td lacubaced for 3-6 h on ice w.ch 3-. .-^^^^^^ 
specific for Rt4 (Pajusola et al.. 199.), 2^^.GFR_ or 
POGFR-0 (Claesson- Welsh et al., /. B^al Chem.. 
.i^l7%-^7 (1989); WaUeaberger et al.. 1994). Immu^o- 
;:edmutes were bound to protein A-Sepaaro^ washed 
three- times wath RlPA containing^ 1 ff^L^P^J^F 1 mM 
sodium orthovanadate, twice with 10 mM Tns-HQ (ph ^.4) • 
aaS,e=ted -to.SDS-PAGE in a 7% gel. Polypeptides were 
transfXd to oitrocellulose by Western blotting and aoa- 
lyzed Lng PY20 phosphotyrosiae-specific monoclonal 
aalodfes (Transduction Laboratoaes) or receptor-speci&c 
antiserum and ECL cnethod (.Amersham). ■ 
Toe results of the e.xperiment are presented m F^^S. 14A 
and 14B .-^s shown m RG.. 14.A, P.^ cells- expre^iag 
l^GFR 2 were stmialaied with 10- or 2-fold -ncentrated 
^dium from mo.clc-traasfected ^-9-.EB^^A -lis (lanes ^ 
Tnd 2), or with 2-, 5- or lO-fold concentrated medium com 
43-EBNA cell ouUures expressmg the recombinant 
vpr.p r flarics 3-6). VEGFR-2 was- immunoprecipitited 
^uhsneci^raatS^L- and- analyzed by SDS-PAOE and. 
Western blotting using ohosphotyrosme anuoodies. tor 
romp^^son- the^nmu^tioos were carried out with aon- 
aoQdiUoned medium contaimng 50 a-/ml ot purified recom- 
bman VP GF (lanes 7 and 3), Lanes 6 and 7 show stimu- 
bmant VJ^^^J" VEGF- containing media pretreated 
litionwub VEGl--c-or vcurr w a PDGFR-S- 
wirh FU4EC As depicted in FIG. 14b, fuurr^ p 

Q^'cai Of: oceircaLed wuh cecomomaQt 

fI'eC nane S PDCrR-rw-as immunoprecipitated with 
soccific antibodies and analyzea oy 5u5-?Auc .uu -co.... 
blo«S -^"^S nhosohotyrosme antibodies- with subsequent 
stnpc>g and^eprobing of the membrane 'vith antioodies 
specific for ?DGrR-!3. ' . c ,T-,-r-D t 

A basal level of tyrosine phosphorylation of VEOFR-. 
w^.deie=:ved in cells stimulated by CM- from tne mocic- 
rrCn^fe-ed ce'ls A further cooceniration ot this medium 
"su ova slight eahancemem of V3GFR-2 phos- 

phorylation (Fic. 14A lanes I and 2). contaimag 
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of the autophospaor/- 

the VEGF-C Ovl (lants ^5). ^•^"f' . ^^dium wiib 
FU4EC affinUy^^nx (c^o^pa.^-^^ 

ilsQ for VEGrTl-i- siimulatmg of 

tn order .o.furthcr ^^f^^'^l^ZToiV^OW-.^ and 

was of PDGF rcccpior p- 

VEGF-C oa tyrosme P;i°^-Pf °;j^'^'^°,^d on abrabla:suc 

• LtU. AS can -^^-p^nwTdeiSdnp^ 
ptosphorylaiiOQoEPUU^t. P 

triosfected c=lls (compare laa=sl and )^ 

(lane 5). . 

VHGF-C SuoiuUcs Eado.h=Ual C.ll ^.Usradoa ia' 
Collagen Gel- 
CM -.fro. C.U -Uuces .ansf.=.=d -u.^ 

■ -'ecEtr(Fo..ao . ... ---r.nt=tb=f 
76:5117-5221 

collas^n gels w.r= P-P^-^j'^^^cT-fb " equal volume of 

■calf seoaoi to ---.-e a '^"^/.'^"^'^f^^- diameter) were 

oi^ml. TTae CLSsae ^^e solution, wh.ch 

coaied wUh about I cnm ceils were seeded 

■ WIS allo'vcd to polymerize al J / ^-^ ibc cells were 

on top of th. layer. ^ =^;J7SSiamc.er) placed 
allowed to atuch mside a plastic "agj.\ 
on top of the arst collagen '^("^^^^t^.y. second 
removed and unaaacnea ceUs -c^e . ^,dium (5% 

layer of collagen ^f^.l. 

.^wborn calf scrum (NC.) . ^^^^^^ Me.), were 

tns pomt ^^t^^^l'^.LS was punched through all the 
laucu. ^-.JT^f ceil soot at a disiance at '^ mm. 

layers on both siaes ° '^''^-^ Z^^^ „,,,,d daily into the 
and the ^^^P'' =="^°'j,He c-lls migrating out from the 
^wells. Pta°'°^'=^°§^"P'?'°^'fHXs fhrou%h in Olvmpus CK 

Sigma). c . nurnber of cells 



? ^"ui; Svs 3L addit.0. of the media. -Tnc 

rO^matSoa. Cells migrating ^^^^ ^^S'' 
Counted in a similar way by moving the gnd m 0-^ '°;^/'=P^- 
e-CT^erlmeats were carried out cwice wich similar .esults 
,0 and medium values crom the one OC the e«:eamen^ are 
presemed wUh standard error bar.. Tae photographs m FIG. 
?5Td!mct ohase-coQiras; microscopy and auorescent 

"tier 6 davs of treatment, the culhxr.es were stamed and 
.cera^diS^ntdi^tance^^^^^^^^^^ 
• attac^meat were counted 'it?^^ f^^^^^^^ p„,d with 

r— m^I^L^n^^Thrnrm^^^^^^^^^ ' 

. Lccessive 0.5 mm.0.i mrn^eas -^^^^^--^l 

15 can be seen from =°^"^'^^° '.^^^ 

stimulated eel »'5-aUon more than m ^^^^ 

ihs aon-transtected or =0°?-;^^=^^=:"^ ^vEGF exoression 
.^^diurn from «,^'7-^\f,^j;tatr^and fluorescent 

vector. An .«-\^^^^"=„f'Xrei stimulated -vith. medium from ' 
30 oiicrcscopic J o t c.imr.3 s im ^^^^^^ ^^^^ ^^^^ ^ 

" etc ISB Dallv addtoa^f I ng of FGFl. into th. ■wells 
35, VEGF-'-ransEecied ceUs. 



■iO 



E:CAiViPL£ 16 

- VEGF-C IS E;tpressed m Multiple Tissues 

Northern blots con.auiin, 2 '-^^'^^^^l^^^;^ ' 
(A)- RN A from multiple human q J, 

sccQ LQ the brain, u ' rive A similar aaalysis oe 

leulcocytes (pbl) ^P?";;" P^f.^ piG TsB) shews that 
'°-RKA from human .'"-"J .^^ney and lung and to . 

- -^Cf - ^'S^^=:'^:.trl"afe^eSly no egression 
a lesser aegrci la ^he U^-r, . . vEGF s;ct:rcssicn 

, detected ^^^'^^-^^ ^^^^^^^^^ 

=v^;c:3 rh^hlf exp'ressL m all tissues analyzed. 

EXAiMPLE L" 

• -n,c VPGF-C Gene Localizes to Cnromosome 4q34 

. . 0.A panel, of 2. --P=,- ^^^^^^^^^^^^ 

which ban retained one - ^^le VEGF-C gwe 

.sed cor the -^°=-'°f^!^^' '"^^^tt^ Pnmers were 

(Bios Laboratones.lnc. Kew Kaven t- ) 

,S designed to iln'ot^Tra. primers 

VPCF-C gene from somatic ^-J nyorLU -ppn^ 
Tad conditions for polymerase chain reaction ^PCR).we.e 
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4Ssnr C- 60s). Tac PCR p;oauc ^^,,ii,,d_by 5 

sttsidiam orocnids S'"Qi°g represeotiag the 

t^cfc'^^cdT.r.atn- used'as a pcobe ia 
complete V-EGr-L =°'t^^^= . .. malvsis of the somaac. 

(HSH) wer= ^^CTdKa J^ PI clones 

CoUecuca(Racic,lU.^^^^^^^^ Systems, Ice. St 

7660 and 76ol "^^.^^.i^e bv Sout^^ 

LOUIS. Mo.) wer= "^7=°/J',^^",; Vvbridiz^tioa with the 
£00 RWtgested °^°"^!: \beQ UbcUed by, tiick 

e:aaslatioa either 3'';°'^°; or digoxigeau: 

11 -dUTP (Boehnagef ^'^^^°Xoco" PVL\-s«mulated 
Germany) accordms to staadarfp oto^o^^^^^^ 

penpheral blood lV-Ph°^=^ replicating phase to 

J-bromodeox:Atncmc(BrdU^at^^^^^ 

Jmtdc. d...a -^p-— 

. Cytos^n^. ^'f rfSA 85 -9664-03 (1983). Repetitive 

.■ sequences ^"P^.^^t^tlT) .ol'ared with .the labeled 

P-be-Specinchybadizat^^^^^^ 

■ '"r-dS: Sold bv counte'staiaitig wuh 0.1 tnmcl/L 
anubodies, toliowea oy deiectioa for two-color 
4.6-diatniao-2-pheayliadole. Probe de^=-^'°°^ ^^^^ 

fluor«=eia.sothiOcyanat=(HTC)_aaU § ^^^y.„.(Veciof « 
i=s (Sigma Cnemical Co^) ^=1^^^^^/ ..odamiae-aati- 
Laboratories, BurUngamc CaLiC.) or v 
digoxigenm and FITC-avidin. 

Multi-colcr digital • -^f^^^^^^i^^rhvbadLzauoo sig- . 
acqubuioa. display and quantu^catioa oc ^ 

■ aals of cnetaphas. '^tiramosomes_^ Th^e s ^ 
PXL camera (Photometric. 3oftware controls 

■ a PowerMac 7lOO/Av ^-^^^^^^^^^^^^^ Ludl Filter - • 
^*^H =r:r,caTro"u;i:r:';:e -^^^^^^^ Ovenappmg nuclei 
. rnSus^i^-fc^lllereigno^^^^^^^^ ^ 
K5--e:^S^^I^ttf^-oShee.ciencyand 

baman VtGlr-C y' ~ -Q^niaa cbromosomes 

cell hybrids i^^^^^^nn^and bvbridization wUh 



^-,1 i^^-jh-nfinn of VPGF-C wa:i ruaher stud- 
The chrotnosocDai locaii^aaQQ ot -^^ _ ^ _ 

i=d usiag..metapaas. FtS.K. Using the PI prooe tor VEu.-^ 
^ FISK a SDeci&c hybridization to the 4q.4 chromosomal, 
band was detected in 40 out of 44 metaphascs (FiG. 1/). 
Double-auorochrome hybndisatioa using a cosmid probe 
specific for the aspariylglucQsaminidase .^GA) geae 
showed .hat V-BGF-C is located just proximal 10 the AGA 
.eae nreviouslv maoped to the 4q3+-35 chromosomal band. 



Biotin labelled VEGF-C PI and digoxigenin labeled .^GA 
cosmid orobes. were hybridized simultaneously to 
a,etax,hase chromosomes. T.is expenmeat demoostraied 
that me AGA gene is more .telqmencaUy locateu than he 
?^GF.C gene Tne foregoing e.xample demonstraies tb 
udHty on polyaucleoddes of the- mveation as caromosomai 
cnariicrs. 



were claalYi.C^:l by - - p>w A ^-amcLes OQ ttie 

.tie VEGF-C <^DNAprobe^.^oag J' DNAsamp^^^ 

hybrid P-'='^«P«f^^ :,"/..^,f^^^^^^ ^0 
human-5pecilic signals we rwoose i 

contained human J. J'^oNrusmg VEGF-C 

LTl^nrfm^rsrlTJ^^I^"^^^^^^^^ 

t;^^^ containing ^-^^^--^ I^,,,,., '^m, as- 

genomic PI P^s^'^ southeoi blotting 

specific primers and PCR ^^'i^^^^ -^ft,. cDtVA probe, 
and hybndisatioD using a V-£Gr-C spe..ac 



EXAaVlPLE 13 

Effect of Glucose Conceatration and Hypoxia on . 
VEGF, VEGF-B. and VEGF-C mRMA levels in C5 
Glioblastoma Cells 

■ Confluent cultures of C6 cells .(ATCC CCL 107) were ' 
.rown on 10 cm diameter tissue culnire plates " 

of DMEM and 57. fetal calf serum plus 
"ulcures were exposed for 16 hours to -'t^^^ll^ 
c-U culture incubator containing 0% CO, (FIG. 18. lanes 
mar."d -) or hypoxia (FIG. IS: lanes marlcea .) oy closing. 
" culture platel in an airtight glass chamber -.^ « ^ 
p,ec= of wood inside until the flame was e.xtmguished.due to 
faLof oxygen. Polyadeaylated ^jo^te^ 
other e.xamcles). and 8. micrograms Ot the RNA was ele- 
uthoresed and blot-hybridized ^^^^^^^^ ^ 
VEGF. V^GF-B and VEGF-C probes (se FIG. U). The 
results show that hypoxia strongly induces VEGF-A mRNA 
^^tession (compare lanes - and .). both m lo w andean 
.iucose.but has no significant effect on the ^EGF-B ^NA 
levels Tae VEGF-C mRMA isolated from nypoxicc^'Js oins 
dv faster lU gel electrophoresis, and an o^ 
eJier mobility can be seen below tfie ^PS'^^-^'^^^jJ 
Tms Observation suggests that hypoxia Jf^^j^^^ 
RN A processing. One e.xplanation for this observation .s that 
■ ^Sf-C mliHA splicing . altered, affecting the VEGF-C 
r^en reading frame and ---^^^ S"S^ll--e 

rror^s^^-"cTnc:dfngpoiyn.^ 

;°e ccntemolated as an aspect of the invention. ^ 

T^^C^^i^^- aoc^-AL Md,2085.(USA). 
p.3uan; to the P-.^-^^^^^^^ ^^^j;^ 
accissioa Qumbcr 97231. 



. While the oresen. invcatioQ has been descnoed m tertBS 
of snrcmc embodimeats. u is understood that 
Sfications will occur to those m the art. Ac=ocmng^^ 
onlv such limitations as appear in the appendea clauns 
..should be placed on the iaventioQ. _ - 



mUHBE:1 of SSQUE2^C23: *3 

3^ nucleic iCiCi 

■ C) ST^DS^ilESS: 3J.aq.Le 

TGTCCTCSC- GTCCTTG-rC- 

niFCEU^XION FOR S-XQ ^ ^ 

* ' (X>-L£11G1H: 7.0 base ?^a.r3 

tQ) TQPQLQG'i:- LiJiear 
til, MOLECULZ T-E: OMA {qenoinlc) ' 

r3EQCE.cz 0ESCai7-rt0^: SEQ 10 NO : 2. • 
• ACATGCATGC CACC^TCCAG CG^— ^ . 
. GACTCCTGGA • 

■ .'(25 ,ni5QPJ^ATlOM FOR S£Q ID NO : 3 : . . 

' ( . , ' SZOOE^JCE CHAilAG-rE^I3TIC3 : 

(3) irr^s: ciucle-^c , 
(C) STrLA^lDEpNESS: si-.iqls 
■(O) TOPOLOG-Z: luis^^ 

^11) KQLECULE TY?£: ONA ( qenanu.-^ ) 

,,,, SEQOE..CE OE3C^I3^tO.: 3EQ 1= NO : 3 : 

■ ;^C-VTCCATCC CCCGCCGGTC AXCC 

- ■ p,). r>^FORKATrQN FOR 3EQ M0:4: 

3EQUE..CE C:-iAKACTEHnSXIC3: 

(3) TV?E: nuciexc ^^^^ 
(C) ST!IAMDE0NE33 : Si-.-tq-S 

(Lll MOLECULE T^PE:. OMA tqencmic) 
,,,, 3EQaE.CE 0E3Cair-rtO«= 3EQ :n .O:.: 
CGGAATTCCC CA-r^J.^----- 
(2, *X>,FQRnATIClN FQR SEQ i:D,HQ:5: 



(;i SEQUENCE CHARACTERISTICS: 
(Xl LENGTH: .33 base 3 

(C) STr^AHDEDNESS: ainqia 
(0) TOPOLOGY: Li-iear 

MOLECULE T'iPE: ONA (gencmxO 



CCATCGATGG ATCCTACCTC AAGCCGCTTT CTT 

(Al C^GTK: 17 ba^e ?al-3 
(3) Tr?S- ciucls-^^ aci^ 

ATtTAGGTGA CAGTAlA 

(2 1 irirGRnAT-OM FOR SEQ^^CD' MO : 7 : 

"(A) C^GTH: : aaae ?a:-3 
(HI nucisic aci,d 

(CI STHAilOEDNSSS: ai-iqla 
(Q) TOSOLOG^: ilxiaaiT 

til, rtOL£CULZ TV?E: ONA (qencrcLlc) 

CCATCC ATGG ATCCCGATGC TGCTTAGTAG C-GT - • . 

,2) r^lFOEU^XION FOR SEQ tD ^"0^3- 

.(M SEQUEVCZ CHARACTERISTICS: - " 

' (3} T"r?E-: amir.o .ac^d - 

(C) 3TRAHDEDNES3 : single 
(0) TGPOLOG'i: Linear 

(Li, MOLECa'-E T-rSE: previa 

(,., SEQUE..C. 0E3CRlP^XOt.:.3EQ .CD NO : 3 : 

■ ...... xnc.co T.. a.. ..i 

0.y .e.V.iL S,.C. G....e GU G.. Z.. G.. 



2Q 

n 

35 



rLii Sec Giy 'S^e Arg 
His Arg Gin Giu sec 



(21 I^iFCRMATION ?0R SEQ 10 HQ : 5 : 

(M SEQUENCE CHARACTERISTICS: 
• (A) CEUGTH: 21 base = 
(3 1 T'£?E: nuclaJ-C ^'=-- 
.(C) STRAWOEDNESS : ainq-3 
. (0 1 TOeOLOG'i: Linear 

(ii) HOLEC'JLE T^3E: QNA (genomic 1 

(,i, SEQUENCE OESCRIPXXO^: 3EQ ID .0 : . : 

CTGGACTCGA CTTGGCGGAC T 

(2, mroRKATiaii -or seq id >I0:LQ:. 

(i, SEQUE^lCr Ct-IARACTERIST ■ CS : 
(A) L^GTH: 6 0 aase pair a 
(Bi rrPE: nucleic iCJ-d 
(C) STRA^CEONESS : s^nqle 
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-ccr-t-i-nued 

(D) TQSaLCGY: linear 

OA^OOXCA^a XCTACCrXCC AXCATOCXCC CCTTATCCXC . SO 

(X) tUFCflMATlOU rOEv SZQ ID «0 ^ ^ ^ ^ 

(3) TV?^: clUcLaic acid 
(G) S-TBAilOEDNESS : single 
(0 1 TOBGLOG'/:. linear 

^ill ttOt.£C^JU: T-r^S: OHA (genomic) 
' CCCAAGCrtG.GAXCCAAGTG GCTACTCCAT GACC " - 

t2>. niV05iyATI0tI FOP- 3EQ to NC:U: 

SEQUK:.C£ Cl^-ABACTE^ISTICS: 
(A) LEI^GTH: 20 ^ 
(3*) T^E: nucial.^ acic 
(C) ST?LAN0EDMES3: single 

\o-) TOPOLOGY: liJicar ■ _ ' ■ - 

(il) HGLZCULZ T^'PE: ONA iq^nom^C) " ^ ■ ■ . 

(.1) SEQUE^CZ 0ESC^I5TXO«: SZQ ^ «0 : U : ' - 
GXXGCCXGTG AXGXGCACCA ^ 

■(2) U.FORMATIOM FOR SEQ ID MO : U : 

( ^ ) SEQUZNGE CKARACXERISXXCS : ' 

(31 T'iPE : riiolno aCid 
(C) ST:iAiiDEOllESS : single 
(0) TOPOLOG'r: linear 

(11) MOLECULE X^?E: pep^i^ie 
I,,,. SEQUEMGE OESC^I^XXO.l : SEQ ID >IO : U : 

'-.1- aLa Fl3 Xvc Asn Xiir Gla 11= . 
. ■ ... OLU Gl. Tf.c 11. t.y» Pn» . ■ ■ 

I ■ . ^ 
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(2i I^lFORWAXION FOr' SEQ ID.NC:U: 

(I) SEQUENCE CHA£1AGXEar3XICS:. 
. (A) LE-MGXH: L7 baae oaJ-TS 
(31 XV? E: nuclei- ac-- 
(Cl SX?J^DEDW£SS : S-ng la 
(Q) XOeOLOGY: linear 

(11) MOLECULE X-PE: O^IA ( genomic) 

^ ^^^.-artJTtOW: SEQ 10 NC:IA: 

GCAGABGAilA C^AXHAA 

(2) niraRKAXiON FOR SEQ ID NO : LS : 
(Ij SEQUE.cz CHAaACXE^rSXICS: 
^ (P,) fJl.GXH: 3 a«LLna ac:.d3 

(3) XV?E':. amino iC:Ld 
(Cl SXIlAtlDEOMEES: 3:.ngle 
(b) XOEOLOGY: llneaC 
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MOLSCUI^ TYPE: o=?^i.<i» 

0E3C-.IPTI0S: SZQ NQ:i'.. 



Glu Glu Thr lis Lye 
I 



SEQUE^ICZ CHARACTSRIS-ICS: 

(D) .XOPQLOGY: ll.near - 
tii) «OL£CULZ DMA (qencroicj ■ ■ " 

(2) INFORMATION FOR. SSQ ID ^'O-.U: ' . 

(C) ST?-A>IDSDMES3: aJLnq Le 

^D) .TOEGt.aG*: : Li-'ve'i^ . . - 

--he Glu ris udu L/s " - 

(2) INFOEU-JVTtQN FOR ScQ ID iS : 

■ (.^ > SZQUS^JC- CI-lAaAC^^^iSTIGS: ■ 
' ^* (A) L£^GTii: 22 b^aa ?ai-3 . 

(C) ST:RAiiO£D"£3 3= sinqLa - 

(D) TQPOLOGT;: ILcieaC 

(^i) KQLICtJLZ TV?S:: Dt)A (,qeaa«Lic) . ' 

ArtCGCTGCA GCACACTAC^ AC 

' ■ (21 rt.FOftiAA'TIQN FOR SEQ 10 MQ-.L^: _ ■ " . ' 

(i) SSQUE^ICE CHARAC--?-I3T:tCS: " , 

^ ' (A) L£1(GTH: 19 b«e 9-^^^ 

(CI ST^AWDEONSSS : sinql? 
fOO tOPOLOG'i: '-i-iear 

- ■ (iil MOLECULE TYPE: ONA (qer.cmlc) 

SEQUENCE OESC^Z.TI^^'i 10^0^1.: 
TOIGtGTTGT Aui^C^CTG ' . 

(2J r>»fORi^-iOa F0R-5EQ :0 «0^2a: . ■ 

J SEQUENCE CHABACTEaiSTICS: ; 
■ ■ (A) LENGTH: Wtn^-nfl ac^ds 
( 3 ) TVPE : aiailno ac:.d 
(C) S-rkANDEDNESS : 'sinqia 
(0) T05QLQG'^: Linear 

■ . n^^r -ftn T T'/ts?: peptide 



Ai. His tyr Asa Ola 



C ■ 3TIU^10ED«E25: single 
io) TOSCLGG-:: Linage _ 
HOLilCULZ t^S^: (qehamlO ■ - 

TAASACGACT GACTATAGGG . 
(2) niFQW^TION FOR- S£Q- CO NO : 22 : 

C) STELAilDEDN^SS:. slaqia 

■ (01 TaeoLaG-': linear • 
,,,, OE3Car...ON:3ZQ lO^>0.22: 

. GTTGXAG-rGT GCTGCAGCGA AT^- . ' _ 

U) SEQUENCE CHAP-ACTZal3TIC3: 

■ to STBANDSatlESS : single 
(0) TOPOLOGY: ILassj:- 

til) MOLSCULZ TV?£: ?«P^i=i'= 

SZQU..C. a.3C....xo.: s.Qr.--3: 

Cys'phe Ai. ^1* H.3 tyr Asn 

(2, I^IFOW^^TIOM FOR SSQ 10 wo: 24: ■ 

. (A) L^cnn: 2 1 o^aa pa^^s 

• (C) STRA£I0£0NE2S: sxaqis . 
(□) TOaoLOG-r: 1^^'^^'= 

tY?£: ONA tqanarr^-^) 
SEQUH.cz 0ZSC^2.TXO.: .ZQ 10 .0:2.: 
TCACXATA'^ GASACCCAAG C 

r>IFOEUlAT2QN FOB SZQ ID ^'0:25: 

sEQU£>tcz c:-u^TZ?.is-rxcs: 

^ ' (A) LZ^IGTH'. 219. ^ 

(C) STF-a^IDZOtfZSS: ainq.ls 

(D) TOCOLOGY: linear 

til, KCCZCUI^ T'-Z. ONA (gencn^C.) 

f,., SZQOZ.KZ QESC^I5TXGII: SZQ 10 NO : 2 
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.~..-:>^-Z AGC-C=GATC O^CTM-AAC GSCO^C-VST SO 

. ^-:.''AAAA'^ c::c::gcagca cactacaac 

^"-^ (A) LZUGTK: 13 aa«e » - 

■ (0)' TOSQLOGV- Lins'i^ 

cell SEQUKllCS Qc^C^I---"" , 
ACACAGAACA GGCCAACC 

'tl) LZMGTH: 19 base o.^^s 

\c\- STRAI'IOEOMSSS: dingle 

(O) TOPGCOG'f': Line-a^ ^ 

' tctagcatt: aggtgacac 

to STRAMDSntlSSS: single 
(Q>. TOPOLOGY: Li--.ear 

SEQU..CZ aHSCHl.TIO..: SEQ 10 «C:Z3: 
:,^AGACTA'r AAAArrCGCT gcagc 
(2). tilFOEU'U^'rrON for 3£Q id NC:29: 

^ (i) LENGTH; 2Q base p^^rs 

(C) Si:?J»^'CEQME33: 3:.ag-s 
(0) t:Q?OLCGV: ii-iear 

(U1 KOLECULE Tv?E: CMA igenarolc)-. 

SEQUE^ICE aE3C^:.TrON: SEQ 10 NC:ZS: 
CCCTCTAGAT GCATGCTCGA 

' {.) r-HFOR^^TtON FCa SEQ ID ^^O^^Q: 
SEQUENCE c:^C-EaiSTXC3: 

(O) TOPQt.OG*i: li-fiaa^ 
MOLECULE X^?E: tgaac«J.c) 



(.J n^FGRl^XlON FOR SEQ 10 : J 1 : 

. (ill T-r?E: QtIA (qenctdi-d 

^,1, OZSCalPTlON: 3£Q ^ NO : . 1 : 

TCACTATAGG GAGACCCAAG C 

.(2) rNFQEUAATXOM ?aR.3Ep ^2 Na:J2;. ■ 

{ . ) ■S^QOE^C- CHA£1ACrZRI3TICS : ' 

(A) r-NGTH: L L aa^ b^Be p^^rs 

(C). STRAilOEQNESS: single . 
(0) TOPaLOGY: Li-^ear 



ii.) rtOLZCULZ tY?.E: DMA (genaaiic) ^ 



MAME/:<ZY: CDS 

U) LQCATXON: 
(.X) SEQUE.cz DE3CRI5TICN: S£Q lO «0:32: 

o;^AGT^-.c'ccTcrcTCTC cagtgtagat caactc atg 

-33 



ACT 
Tlnr 



GAA TGG AAA ^TG TAG AAG TGT 

ri- AAC avGA CAA CAG GCC A^AC* CTC 
-IQ ■ 

a;^^ ttt gct gca gca. cat tat aat 

ttt Ai. Al. Ai. His Tvr Asn 

LQ 

pj^-r GAG TGG " -^A !^ ACT CAA TOC 
T.a Olu TCP A., Cys The Gin Cy. 
25 

• o-C C=C AAG GAG TTT G=A GTC GCO 
v,l Gly Ly= Olu She Gl/ v^l Ai- 

TGT CTG TCC ' GTC TAC -^GA TGT GCG 
Cva Val S«-- '^-^ -^y^ ^^^.*^^! 
55 

C^G -^GC ATG AAC ACC AGC ACG ACC 
Cys Hec Thr Thr Sar 

70 

;VT- ACA GTG CCT CTC TCT C.^ GCC 
rT: Thr V*i'?co U..U Ser Gin Gly 
90 

AA-r CAC .^CT TCC TGC CGA TGC 
■ hi. T^.^ cys Ar, Cys 



'cAG CTA ACG 
Gin Lau Axg. 

AAC TCA AGG 
Asn Sec Acq 

ACA GAG ATC 
The Gla iie 



AAA 



ACA 
The 

L 



GTA CTC^ 
Vai. La a' 

GGA GGC 

Oly Gly 
- L5 

GAA GAG 

GLu Giu 



TAC OCA 



TGG CAA 
Tro Gin 



ACT ATA 
The lis 
S 



ATG CCA CCG 

POIA AAC ACC 
Thr Aan The 



Lea 



GAG 
CLu 



TTC 
3he 



'aAA- ACT 
Cyg Sec 



GOT TGC TGC 
Gi/ Cya Cya 



AAT 
Asn 
S5 



GTG TGT 
7<ai Cy3 

TTT AAA 
?he Lys 
30 

AGT GAG 
See Giu 



ATT GAT 
llm As? 

' 20, 

ATA GAT 
lis Aao 



CCT CCA 

gc-a 9 CO 



GCG CTG 
Giy Leu 



TAC CTC AGC 
Tyc Leu Sac 

3q: 

ccc aaa"- cca. 

?ca Lya- 



93 

ATG TCT AAA 
Met: sac Lys 



AAG .\CG TTA TTT GAA 
Lva Thr Lsu ?ha Giu 

as ■ 

GTA ACA ATC ACT TTT 
Vai The rie Sac Sha 
100 

CTG GAT GTT TAC AGA 
Lau Aap Vai Tyc 



54 



102 



ISO 



193 



2a5 



342 



:90 



LQ5 

c^.orr: cat' xcc ^tt 

Vai. His Sar 1-3 

TGi: CAG CCA AAC 
Cva Gin ^^"^ 

CAC A.TC TGC AGA TGC 
His rie C/s. AT? G'/3 
ISO 

GCT.GGA GAT GAC TCA 

Mi Gi.y ABP ^."^^ 

AJ»i: GAG CTG GAT GAA 
CVS GLu Leu AS? Gia 

Las 

CGG CCT GCC AGO TGT 
?ca Al^ sac 
2QQ 

CAC TGT GTC TGT AAA 
Gin C7S VaL Cya Lys 
■ _ 2L3 

" CGA GAA TTT GAT GAA 
Acg. Glu 5tie ,Asa 

CCC ACA AAT GAA GCC 
P-a Arg Asn -Gla. Sco 

. .. 

• GAA ACT CCA CAG AAA 
" G-.u Ser Sra Gin. Lys 
253 



ATT AGA 
lie Arq 

AAC ACC 
r.ya Tiir 

CTG GCT 
Cau Aia 

L55 

ACA GAT 
Thr A3p 



CGT 
AT -I 
L2S 

TGC 
Cya 



TCC CTG 
Ser C-dU 



CCC ACC 
SCO Ttir 



CAG 
Gia 



GAA GAT 
Gill As? 



GGA 

Gly 



TTC CAT 
ohe His 

L75- 



CCA GCA ACA CTA CCA CAG 
or-o AlA tiir Lau 3ra Gin 
130 

AAT TAC ATG TGG AAT AAT 
Asn Tvr Mer Trp A^n Aaa 

XTT ATG TTT TCC TCG GAT 
Ohe ker ?tLe Ser Ser Aaa 
ISQ "-'^ 

GAC ATC TGT GGA CCA AAC 
: ABO lia.Cys Gly 3ra Asn 
130 



GAG ACC 
Giu Thr 



GGA -CCC 
Giy 5C3 



TGT 
Cys 



AAC AAA 
Aan uya 
2 20 



CAC 
His 
2Q3 

CTC 



CAG"' TGT 
Gin cya 
190 

AAA GAA- 
r^ya Giu 



AAC ACA 
Aan tiir 

.'■■2 35 

CTA AAT 
Cau Asn 



TGC 
Cya 

■ CCT 



■GTC TGC AGA .GCG GGG- CTT 
Val Cys Arg Ala Giy Lsu 
19S 

CTA GAC AGA AAC TCA TGC 
Lau Aao Acq Asn Ser Cys 

21Q 

ACC CAA TGT GGG GCC AAC 
Sar Gin Cya Giy Ala Asn 
' 225 ' 

CAG TGT, GTA TGT AAA AGA ACC TGC " 
ctacys V.i cya ^y^ ^^■^^M;^ 
240 



-rrc CCC 



TGC TTG 
Cya C-su 



TTA 
Lau 



ACA TGC AGC TGT TAG 
Thr Cya 3*r Cya Tyc 

"230 

GAG CCA GCA TTT TCA 
Giu Giy ?ha Sec 

25S 

TAT TGG AAA AGA CCA 

Tyr Trp C-ya.. Acq 
TTTCTATTAT GGAAAACT' 



AGA CGG 
'Arq Acq 



CCA 
?r= 
23S 



GGA AAA 

Giy C.ys- 
.255 

AAA. GGA 
Lva Giy 

.27a 

TGT -ACG 
Cya Ttir 



TAT ACT 
Tyc Ser 
300 

-CAA ATG 
Gin Mei; 
3i5 

iT GTTG 



GAA 
Giu 



GAA GTG 

Gia Vai 



TGT GCC TGT GAA TGT ACA - 
Gva Aii Cya Giu Cys The 

lao 

2^0 AAG TTC CAC CAC CAA 
Lys Lys ?ha Hla H-^a Gin 
■ ■ 27S 

CGC CAG AAG GCT TGT 
Aan Arq Gin Cya Ai^ Cya- 

■ 290 . 

^GT CCT TGT GTC CCT TCA 
cys Acq Cys Vai ?ro Sec 
305 



AGC 
Sec 



TAAGATTGTA CTGTTTTCCA GTTCATCGAT 



t2) litFOemATION ?Ofl SEQ ID NO: 3 3.: 
t i) 3£QUEi.C- CHAf^ACT-aCSTXCS : 

(3) T';?^- amino ■ic:.d 
(0) TOPOLQG'i -.^ '-^^is*^ 

(iX) MQLSCULE Tr?^:^ ?carsln 

SZ^^CZ OESC^Z^TICN: SEQ ID NO : 3 3 : 

. Gia Tvr Tr3 Lya Her Tyc Lys Cya Gin ueu 
rte^ The V<.i Lau Tyc ?ca Giu Tyr T-P . 

■ .. , 

^, ox. - tto "'^ ' 

../o^lc.. - no ^^v"" 

I ■ ^ 

^1 T-^ Ar-a Lva Thr Gin Cya Her: ?rt: 

i,^ r.eu Lva Ser li. Asp Aan Giu T.p Arq Ly . 

20 , 



.43 
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--coa-t-i-fiuad 



44 



^, ... v.. c,, r.e ..p v.. ... =iu - -^-y 
..e ^" -J ^-^^ "^i'o 

,C,, ..n s" O.. 0I,_ .e. ... C.s He. -^e. XH. Se. ... S.. 

S3 

3.. cy, .eu .ne Clu .tie X.. -Mi P.o ..u 3« =1. 

Z V.1 a, sac .he .1. ^^^.-[^r^- -^^^ ^, .Cy„«eV5«. 

Tf 1 w^- Ser lie -rls 'Arg Arg Ser Leu 
Lya Laa A«a Vai Tyr Ar? Gin V.i Ser . 

LIS . 

r' pr. Gin Cys Gl.-i Ala Ai<:i Ann Lys Thr Cya Pra Tiir 
arr3 Aid Tiir Lau ?ca Gin cys ^j- 

....... ....... 

.Ke l« 3« Se. ... =1. 3e. X.r. ..P =ly ^^^^ 

01. ....... C., Clu Cau ... =U =la X.c O.n Cy,^ 

v.. C.3 .-^ 3.. C.S .CO =la 

L93 ^ ^ 

\ ' ^ - rin Cv3 Val Cv3 Lva Asn Cys Lau- ?ha Pro 
Lea Asa -^rq Asn Ser Cys Cln C/3 Vai . 

s« c.. c.. =1. .1. -.sn tir^'" 

■ v.. c'l-.s ... X.. ..o «a Oi. ... Cau ..n .co =ly 

.1. cy. Olu Cy, T... Clu Se. ..o, =1-^ Cys Cy, .e. ..u Cy. =Iy 

cy. ... '^^^ ^,:r=^'^ 

275 . 

riv oHe Sar Tyr Sar Giu GLu Val 
Aaa i^q Gla "Ly. Ai^ Cys Glu Pro Gly . 
230 

C^a Arq Cys V^i ^er Tyr T-S= 



(A) LZliGTH: 22 oaa'S ?a^-a 
(3). TYPE: aucL«i- icid 

(0) TQPOLOG'i : llaaac 

(ii)'MQL£CUL£ XY^E: ONA tqenomlc) 

' (Xi) SSQUE^CZ OESCHIPTIciw: SZQ MO : J 4 : 

■ XGAGTCAlTrGTAGCTGCTG-rC 

(1) CKAHACTSHX5TIC3 : 

(A"). ILZUGTH: "21 baae OdJ-ra 
(3) 'type:- nucLslc acid 

(C) STUAtlDEDNZSSr 3 lag is 

(D) TOPOLOGY: linear 



(il) HQLiiCUI— 

TATTGCAGCAACCCCC-^CATCr 

^ (A) LZ^IGTH: l9S jon^io iCids ^ _ 

(il, «OI.£CUtJ: T'iSE: ncscei.-l . 

..-V. --r - - 

, H^s Se' ^-P'^^'^ '""'^ 

C^u Ala ATI S« -^l-" ,0 *S 

3 5* 

■ • . S.- ILe Ol-^ :f ^""^ 

o.Q lis Arq AT? t.ys A.-, Sa. ^ 3S 

35 . ■ 

■ , ri. Arg Sec Gin Val, Asp Sc'Z 

The A-', T^r v.i .1= -• ^^a. 

, TL, TC= =" SCO Cv. VatLGlu val Lys Arg 
thr iac Ai. ABn Sh= I-au lie 1^3 

' , T.. s« sar v.l Cys Cya au-i sco ser AT, ■ 

cy. cy« Ci-^ ^ ■ 

13Q ■ , 

, r - Gill Tvr Val Arg Lys 
H.. H., .3« .y« -X AX» .y» - 

"""^ „ I x-a Lau Glu His Leu GLu 

cy. ,c= t.y, .ys =lu V.L CL. -Ml 

A-« Mi - A.r(3 GlM Gia Gili 
cy. cy. A.. ... sec A.n .a. As. . 



The ivso vaI- Axg 
L95 



(2) nrFOSU^TION FOR SEQ XD «0 = ^ ^ = 

^ M) L2UGTH: 2 4 1 ^C^d6 
(0) -taPOLOGV:, Mac P.elev^Lan 

SEQUENCE S-.Q tO-.NO = J^= , 

. . .,0 A- . .au .he , Ceu Sar Leu Cys" Cys Tyr Oau A., 

'Met Asn Arq Cya T-a A-5 - . l- 

L ^ ^ 

, a.o Tie 9ro GLu- GLu Cau Tyr Glu Her 

Ueu vai Ser Ai^ Gla Gly iV^P --^ ■ :q 

20 

■ ■ . =he ABO -=^o t-au GL.-1 Arg Cau Leu 

32 ■ . 



... - 

r.- Ai^ Giu ?=□ Ai^ "« 

s.r -ueu Giy s« L«u xnr ri= Ai. 0^ « 

, L Clu <.i^ rtr^'" 

Cva C-ys 1.^5.- Arq — t 2 - - 

=H= L^u 5" 

A., C.;. A.. A..:^.A.. C., A., ..o ... 

... A., .CO v.. A., O.. ... 

L 4 5 

.„U...= A.. C.. A., ^...u 

A. C.. .C. 1 - - 

lao 

Oly =1, S.C =Ln =Lu 01« 

195 

, . ir-f 0-0' Lya Gly Lys HJ-S Axq 

x^. 11= ^----^ III ■ . - ^^^ ^ - 

r « ■-r— Aia Lau Lva Giu Tl^.r Lea Gly 
^.3 uys E.. Thr H^. Asp Cy. T... - 2.0 



^2) t^FORi^ATiaN FOR SZa tD'NO::a: - ' 

(D-) TOeOLOGV : . not: Raiev^a^ 

ni..- r^.i 'Gin, Lau Lau A-la Gly 

P.o V.l Me. AC, Ceu ^» Cys 

^1- f-1 n Tra Aia Cau See Aii Gly 

v«i Sea Gin Gin Trp aj.* - 

Leu P^a Lau ?ra Aia Va .5 JO 

20 " " • 

. 3...^; C.. A. A. - - 

30 • ^ 

, . , riu His H.. S.c ?ca Ser Cy« 7.1 3er r 
TV- a-o Sar Glu J-il ^^-^ 73 30 

ss" . 

. .... . = « r.Va Asn Lau Hia Cys V^i 9ro 

Lea-AT? Cya Thr Gi.y ^y. 

as 

V 1 Thr "msc Gin Leu Lau Lys :i^ Sar Gly 

7al Glu The Alit Asn v.i Thr «ec 

LOO 

A., ..,3e.... V. - - — 

1;', '.^^ - ito -^-^ 

uo 



XLa, Vai 3r3 -"^^ ^^^5 
143 



. (A) LZriGTH: 17Q ami.'vo iCi-da 

. Leu a^e 9ca Cys L.u- GLn Lau Leu. Al. Giy 

... - !s^". 
. 3..- 1 :f — 1.^'^ . 

. Lau Glu Ar^ ^au v.i ^sp v.i 7<.i Sec Giu 

Ser Tyr Cya Arq Ai^ Lau GJ.u . 

50 . 

.c, .e. v.. ... ... ^" 

55 

X^o' Giu Asn Leu His Cys 7ai 9ra 
Leu AT, cys Thr Gly Cys Cy. Ciy G-u 

33 . • ■ , _ 

^1,^ r*u Laa Lva 11= Ar3 Sar Gl/ 

100 ■. • ■ 

X... ...3.. V. 

"" . IL5 

\-r r^. He- Lvs ?ro Cbi Arg .\rq Arg Pro 
GLu cys Ar^ 5ro Lea/Arg GU Ly. He, - - - 

cia LV3 GI.-1 Ar? Sra T^tir Asp Cys 
cys Gly Acq Oiy Ly. Acq Arq Arq GL. L/s .^^7 . 

ia3 ■ , ■ . • - 

als Leu cys Gly Asa AU V.i 9co Arq Ar. ' 



\ \i.J 3£QUE^CS CHAiU^cCt-aiSTlCS: 

. (AJ LSUGTH: ^'='=^.^ 

'(3 1 TT°-: acru-fio iCLi- 

(0) TaPGLCCY: Noc a«!.»-'ani; 
(ii) HOLZCULE TTSS: DCOtsia . 

- sec .-^ - -r-" 

..u H.. H., ..3 S.. OU. 

10 ' ' ' 

. rr,) t/a- L-/a ?he Me^ Asp va;. 'vy^ 

Cly GLy.Gln As. Kis H.s GLu V.i u/a 

r ... Pc= Giu T^c.Lau ^Ml Asa Gi. Glu 

Arq. Sec tyc Cya Hi3 ec^ - 

50 . 

... =U .yr ... .U. .ye C.s v.. Oeu 

" 70 - • 

rlu Giv Leu Glu Cy3 Vai ?ro 

AT, cy. G.y oiy cy. cy» ^^-^ V '95 



51 
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-c o nil inued. 



Thr Giu Giu Ser Asn 



Lis Thr Hen 



IQO 



Gin Me-t: A-r? 

IQ5 



Le C/a 3::^ t^-^^ 

lIq 



. ^, ru. Me- Se- 3ha Lau Qln His Aan Lya Cy 
Gin Giy Gin Hi.3 He Giy u5 
Li3 

a«n vr- iO-i Ar^ Gin Giu Cys Cys Aao Ly^ 
Glu cys ?ca Lys uys As? -Xr, iV.^ at. 

ua _ ^ 

pea Arq 

1.45 

(2) tNFORWATION FOR SSQ XD NO : 4 3. : * ^ 

.g. -^vDji amino iCid 

(0) XaSOLOG^.: Nor RaiavaciT: 

^ • tr-i H^a -^-a Sec Leu A.ia Lau Lau Lau 
- ner ABa ?he Leu Lau Ser Tr? Vai H-3 -? ■ 
• I ' 5 . • -. ■ . 

■ « rl-i Ali Ala Sca rtet Ala Glu -Giy 

L*u iii5 Kis Aia Lys. trp S^r Gin Aia Al 

2Q ' . 

• ^1 u-^i Vai Lrs- Phe Me^ Aap Vai Tyr Gin 
GLy Giy Gin Aan H^s. H^s Giu 7ai Vai Lys ^ 

:5 

ri^ G^u ->^- Leu Vai Aao He ?he Gin Giu 
sec tyr Cys .H^s 3ra lie G-u 

SO . ■ 

■ r.e Cju T./ ..e .y. Sec C« 

1 to" 

3 3 ■ .. 

ri- TH- rtec GLn lie rtec Arq lie Ly» 3co ^ia 
Thr Glu Glu Serr Asn lie thr rte^ 
LQO 

-1,. cLu net: 3*r Phe Leu Gin Asn Lys Cys 

Gin Gly Gin H^3 He wiy Glu rte^ 
ll5 _ ^"-^ 

. - i^rt 4±A Ara Gin Glu Asn Pro' Cys Gly 
Giu cys Arq 9CO Ly:i Lys Asp Arq Aia Arq Gi 

LJQ . ■ 

r Leu ?ha V<al Gin Afip Sea Gin Thr 

o„ C7S sec Glu Acq Arq Lys Hxs Leu ?na 

145 * • ^5^^ 



ISO 



c,, ... c,, s,. - t^i 

OLU L.U .a. Olu .r, X.. Cys Cys .y. 

13Q 



(2) IKFQRMATIQtl FOR SZQ ZD iiQ:^l' 
l ] 3SQUENC1 CHAflACTZaiSTICS : _ 

• (A)..L£NGTH-;-Zl2: aioino ac:.aa 

Ic) S-rkLMDEONESS: Noc ^aie'/anr 
(0) TOSOLGGV: Mac Eleiavam: 

(ii) rtOLECULZ. T-rPE: gca^ain 
■ ■ xxl) SEQUE^iCr OESCai-'TXQN: SEQ 10 MO : *2 : 

^•r t-^ ValHls T-n Sac Leu Ala Lau Lau Lau 

Met Asn ?ha Lau Lsu Sec tc? Vai ti- 

I 5 . ' 

.eu H.s Hi3 Ai. Ly. tc. Sac Gin Aia Ai. Pro Ka. Ai. Giu Gi, 



2Q 



2.5 



Giy Giy ^iin Asn H 



HI, HX. V.i LV, 5.= H« 



Tvr 
d3 



.... cv. 

... .sr v.. ..e C.s ... 



i = n GL.i Glv usu Glu Cya Vai 9!ra 
«et Cy3 =iy =ly =/- « 

35 

. . /;.3n V. Thr Ke. Glr. He Het ^-g ti^ 
^hr Giu Gia Ser Aaci J-a luc 
LQQ 

... ....... - 

11.5 ■ ~ 

-l! . i^- Gin Giii C*va uys Sec ^ai 
.SI. cy. - 

■ ^, ...r c.. - - tll 

/-i-^ ar^ Cvs Sec Giu Arg Axg Lys tl^s 
Cys sec 7ai ?ca Cys Gly 9ro Cys 



Lea She Vai Gift Asa 



Gin T^r Cy. Lys Cys See Cys_ Lys Aaa The 



130 



Gia Lea Asn GLa Arg- Thr Cya 



Aso sec Arc Cys Lys Al. ^g OX. Leu 
' . ■ 195 ijvj . ^ 

Acg cys AS? Lyi^ '^co Acg Arg 
. .110 



(21 ryFORnATZOM ?GS SSQ ID tlO:*i_: 

(rl SEQUEtlCS CKAi^ACTXarSTtCS:^ 
(Al LZ^IGTH: 2 32 *c:.ds 

(0) TaeOLQGY:. Ha^ Relevarn^ 

• (^^, S.QUZKCZ description: SZQ lO. NO:*:: 

a-t f4^3 Ser Leu Ala Leu Leu Lea 

ne-Asn Ph= Leu Leu Sec Xrp Val H_3 



L 5 
Tyc Leu Kls His Aid Lys Tr? 



Se^ G'n AiaAli 9ca Her AiaGlu Giy 
25 ■ 



• u--.'-Gia Va' Vai LV3 ?he He^i Aso- Vai Tyr Gin - 
-^-GW Giy Gin Asn H^s Giu Va- a, . 

J5 .4a 

. ■ r^. Giu --r Lea Val ASO 11= ?he Gin Glu 
Arg Sec TV- cys His tie Giu ...r Ue 

1 ASP Giu lie Giu Tyc rie .he Lys ..3 Sec Cy. Vai .c. Leu 

1 CVS Giy Giy cys. cys Asn Asp Giu Giy Leu GU Cys Vai .co 

• ' 85 ■ - . 

. \ -.t,. Gin lie '^^^ 

T.tic Giu Giu Sec Asn tis -A- ^^^^ !.a 

laa ■ 

OXy ..s ... Ciy ... 

LI.5 . 

A^a G^n Giu L'/s Lys Sec Vai 
Giu cys Arg-9ca Lys Lys Asp .^9 A.g G-n . . 

LIQ '•-'^ 

'GLn Lys Acg Lys .^cg -Lys Lys Sec A--g Tyr 



iUrg Gly Lys Gly Lys GLy 
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3:: 



ISO 



15 = 



1 i,.- CVS Cv5 *C*eu Mer ?ro ^-r- 
e . rr^i Tvr V^L Gly C/s 
Lva Sec Tr? Ser Vai. -/'^ 

CVS ser Glu Arg Ar? ' C'/s 

uo 

cv« Cya Ser Cya Ly« Aan 

Ceu .n. 01. ... - 

^ OV, -"'r,^ 

Tivr Asp Ser Arg ^-f * 3,5 . 

225 •■ ■ . . 

,A) LSMG-TH: -'.59- b<iBe 

■ C) STSJUIDEDIISSS: Sinqla 
(0). TOBOLOG-f. i.iS='»r 

(LX) FEAT13B2:- 

(A) NAME/-:^''- COS 

■ ^-c^« ctc^ccaa;- ^-z^^ .c^<^^--'^ c^=c^^^= .= 

. ^ ^^^^^^^ 

GCCTCCGGC-r CGCCCAG^O G_TCG>..0. 
aGAACGCGGA.GCCCCCGA..- C-^.CC-G ^..-OCGCCC 

— — — ~: ~ c :; 

ccACCC-GC CCCCGCC.CC aCACCCO.cc cc-.^c.- 

TG- TCT CTG CTC GCC GCT GCG CTG 

h! ^r. rr. -.e^ a.. =y. 

' -^A GC- GCC GCC GCC TTC GAG TCC . 

CTC CCG GCT OCT CGC GAG GCC C. .Xu S.r 

Ceu ?ro GLy P = o Arq GU 

CAC GCC GCC GAG GCC ACG GCT 
CGA CTC GAC CTC TCG GAC GCC GAG CC. G^C ^ ^^^^ ^^^^ 

- Gly C.eu A^P ser ..S 

-T- TCC AGT GTA 

- - ^ tlu - ^ -5 ^ ^" ^" ■ 

riA TA-- TGG AAA ATG TAC AAG 

% Si s St s s s SI s s; ^ - -s -'• 
• - ««- r, s; s ss si s s ;s st ts .s 

Cys Gla Lsu Arq Lys GLy GI/ --^ 55 

' ^ aiA T^ GC-^ GCA GCA CAT TAT 

s s s ~- ~ - " 
s s s s s s - S ^ s 

1 13 



SO 
120 

lao ■ 

240 
^03 



SOL 



3^9 



597 



5/ 
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-cociiii.-ued. 



S 5;^ s; s tf. s s r; s 5 5: 5S E s, s 

^--T. cr\ -^GT GTG TCC GTC TAG AGA. TGT 

GCG ACA -=^C ACC T^C . - AAA C ^ ^^^^ Cys 

Thr Asn Thr ?!:i<= ?he Cya 3-- ; ' , UQ 
L5Q 

^- ric cn- G-^G CAG TGC ATG .:VAC ACC AGC ACG 

CGG GGT TGC TGC -^T AG. GAG C ^^^^ 

Gly Gly Cys cya Asn 3ar Glu G.y ^^^^ 

.r- T-r- -^-^ GAA ATT. ACA GTG CCT CTC TCT CAA 

tf. - ^ ^ ^ 

• (-CC AAT CAC ACT . TCC TGC CGA 

CGC CCC AAA CCA GTA ACA ATC AG. TT G^C ^^^^ ^ . 

O.y PCO LyB. ?ra Thr -e. .tie ^ . 2LQ 

_ , ^, ^ . (-y-r TCC ATT ATT AGA 
,OC .TG TCT .AAA CTG ■ G AT GTT X^VC ACA CAA GX. CA. -C- ^^^^ 
cys net: Sac Lya Lau Aso . Vai -/r Arg 

^-TL r-i CAG TGT CAG GCA GCG AAC AAG ACC 

1% ^ ^ 9 ^ - - - S -0 - 

.CC CCC ACC 2 TAG. ATG TGC lyt 
CVS ?co Thr .^a Tyc He^ Tr? A^3« Aaa Hx. . 

^ rrr tCG GA- GCT GGA GAT GAC TCA ACA GAT 
CAG GAA GAT TTT ATG TTT TCC TCw GA 
Gin GLa Asp 5ha f^e- ^Ina Ser ^e- . ^^.^ 

..2^0 . 

AAG GAC CTC GAT GAA GAG ACC 

CGA .rrC CAT GAC ATC TGT G^A uwA AAC 

cly ?he His Asa lis Cys Gly ?co Aaa Lys G-u P ^^^^ 

rrr GCG CT-^ GGG CCT GCC AGC TGT GGA CCC 
TGT CAC TGT GTC TGC AGA GCG G^- C. . ^ ^, ^ 

Cys GLa Cys -^/ai. Cys Arg Ala GL/ Lea Arg 

■ ^. -^^r -rA TGC CAG TGT GTC TCT AAA AAC AAA 
. CAC AAA GAA GTA GAC AG^ AAC CA TGC ^^^^ 

His Lys Gia L.eu Asa Arg Asn Se- ^ ^ ^^^^ 

310 • 

— ^— iir CGA GAA TTT GAT GAA AAC ACA 
CTC TTC CCC AGC CAA TGT G^ ^- - 
Ceu Phs' 9^:. S=if GU uys Gly A^ Aa 
]2S' ■ iJu 

rC CC^ AGA AAT CAA CCC GTA AAT 

TGC CAC TGT GTA TGT AAA ACA AC ^^^^ 
Cyg Gin Cys val Cya Cye Arg Tt.. C/3 

riA T-GT ACA GAA ACT GCA CAG AAA TGC TTG _ 
CCT CGA AAA TGT GCC TG . GAA ACA 
□ CO Gly t-ys cys Al^- Cya GJ.u Cya Ttv- u 

rr- r-C AAC GC"^ ^GT GAG GGA GCA TTT TCA TAT ACT 

GGA TGT ACC AAC GGC C^ ' .^C Ty C Sac 

Pra CVS Thr A5n Arg GLn Cys Al^ C/s G-u . 

390 

^ TC-A --AT TGC AAA AGA CGA CAA ATG 

GAA GAA GTC TGT CCT TG. G.C G.- TCA . ^^^^ 

Glu. Gia. V*l Cys. Arg: Cya Val -9. a Se- . . ^ 

"VQS . . - * 

r'-^r-TrCAT TTT CT ATT AT GGAAAACTGT 

ACC TAAGATTCTA CTCTTTTG-CA G . -C^-G.«T 

. l^GCCACAG TAGAACTGTG TGTGAACAGA GAGACCCTTG T^GTCCATG CTAACAAAGA 

. CAAAAGTCTG TCTTTGCTGA ACCATGTCCA TAACTTTACA GAAATGGAGT GGAGCTCATC 



739 
937 

aas 
93: 

1029 
IQ77 
lUS 
LL7: 
L22L 
12S9 . 
1317 
L3 5 3" 
Ml J 
1.4a I 
150 9 
1537 
1505 

15 5,3' 

17 13 
1773 
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tCCAAAACOC CTCTtOT:VAA CACTGGTrTr CTCCC.^ATGA C.::,^AAC^CCC AACATTTTC. 
•^^CTGArr TCrT..WAC ^TGACTATA TAATT^:.— T.^XTCrT^CT 

cc^T-rcArrr tt;.t;..c:^ ^.a^cx aaaacxcact otga.caata tti^axaxc 

ATGCAAAATA TGTTTAAAAT AAAATGAAAA T-GTATTAT^ 

(2) I^JFORWATION TOR 3£Q CD^NOzaS: 

■ ( ^ ) SSQU^NCr C:iAilACTEKl3T'C3 : 

(A) [-niGTH: 4 1.9 ad-Uio 3C:LdS 

(B) TYPE- cimiao aci-d 
(D) TOPOLOGY: Linear 

(LL) MOL£CUL£: TV?S: ncacfiia 
... ... ..u La. GI., P- Se. V.i A.. Cvs Sec C.u ..u AL. Ai. 

1 .eu ..u ..o GI. pro-., Al. .1. 

" , 

aU S.. GI. C.U ..p .eu Se. A.p .1. GI. Pco A.p Al. GI, GIu Al. • 

25 . 

, ^ ^, <.^^ L./a ^ao Lau GLu Gia Gin Cau Arg Ser Vai Ser 
The Ala tyr Aid Ser L/s Aap -au v. 

5Q ■ • ■ 

.al .ap Glu ..u The v.l T-/. 9,. cia Tyc T.-p .y, 

S3 ■ ■ ^« . 

r \, ri GL-r Tr^ Gin Hla Asn Acg Gl'J Gin. 
tyr Lys-C/s Gin Leu Arg Lys GI/ GL/ T.? 

' ' - ^i. /-t,, rlii THr- ri» r.73 ?he Ala Ala Aia 

Al. A^n Lau Aaa Ser Arq Thr GLu Giu .hr 

-.u -1- cau fvs Ser :l9 A30 Aan GLu trp Arg Lya 

His Tyr ASCI Thr Glu J-La Cau -ys - . l25 ■ 
LIS 

TH. Gi« cy, Mec ".1 cys rie A== v.i =iy cy» ... 

130 

v.. .i.-T^r ... ..r Phe Ly. .co ..o Cy. ..i S..- v.i Tyr 

U5 ^50 . 

" - - r-T,t ri 'J- Lsu Girt C'/3 Me^ Asn Thr 
^.g cys Gly GLy Cys Cys Asa ^er ^L'^^^-' ^' 

f - TH^ iL^u aha GLu lis Thr Val ?ca Lau 
Sec The sec Tyr Leu Ser Ly^ Thr Leu -he ^ 

Lao '■^^ 
S,c Cla Gly .CO cy. v.. .n. tL3 Sec .he Aan Xh. Sec 

L9S ^'^^ 

r i^n Va' Tvr Acq Gin Vil His Ser lie 
Cv* Cys MeT: Sec Lys Leu A^p -/^ 

.1 TSr Leu o-o Gin Cva Gin Ali Ala. Asn 
lie Arq .^1 sec Leu 9 co Ala Thr Le-i --^ --^ - 

225 

Thr cys .cc Thc Aan Tyc .en Trp A.n A.n H.. :ie Cys Ar. Cys 
• * 2*5 ^^'^ 

...u Gin =ia Aep Phe- ^^e Sec Sec ^= =ly -^-^P ^ec 

250 , . -''^ 

-1^ r-^^ alv 3--::^ Aar. Lvs Giu Lsu Afip Giu 
The Aap Giy ?he His Asp ^Is G/a G^/ --^ - 
■■ . 2-7 5 280 
- Ciu Thr cys Gin Cys V.i Cy. Arg -Ma Gly Leu Arg .9ra Al. Ser Cy« 
29 0 29 5 

, r x^a Aan Sec Cys Gin Cvb Vei Cya Lya 

GLy ?ca His Lya Giu Leu Asp Arg Aan ^^e. / 



13 3 9 
1399 
195 3 
1997 
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J as 



no 



... ... ... ... .« - s 

12S 



an Ttxr Cva Gla Cys V^l C 



y. Lys AT, T>.r cys Arg A^n Gin .Pro 



340 



345 



.eu Gly L/B cys Al. Cya Clu Cy 



,ya Tlir Cia Sar Pra GiA^ Lys 



nw. 4^3 H^s Glr. Thr Cya Ser Cys Tyr 
ys Leu Leu Lys Gly Lys L/a 9he H-s, :i-s 

370 



Gin Lva AlJ Cy^ 
J95 



a Glu Gly Sar 

4QQ 



Cys Thr Asn Ar? 
390 

... ... v.. ^, c..- V,. s« x.. ... ^1 

4Q5 



GUI We^ Sar 



15 



3Q 



40 



mat. is claimed Is: „„^ieic aod comorising a 

human FU4 ^=«pccr lyrosme ^^^^^^ ao,;,ca of-chc 
having an ammo acia 33 .tf.ciivc to 

am^ao acid ^-^--!^-^^.'^^^^^^^ a aucUcude 

g.lIlccLrophor.s.s under ^^duc-^S said 
° 9. A QucUic acid according cp cliim 1 wbe^s>£ ^ 

- . ■ ;j ,.^,i-.ncE shown in SfcU 

portion oc ia= ^^^^ cvsieines of 

33 IS a coQliQUOus portion ^^^^^^^'y-^^^.o vascular 
c;PO rn N*0- 3 J that ir= conser^ea m -^^^ ^ . ■ ^ 
. !adocS.A gro^h facior (VEGF). human pUcclec 

encDiu-^- , /pDGF-A) and human pialclet ^s.xVw- 
growth Uctor A (PD^/ .^,.^^^3 tK.: carboxyi 

.growth factor ^ ^J=p9^^-^^-j^^°°33 coataifls cysicin. 
terminal portion ot SEQ lU (n^J- ^" 

coaimuous portion.has ammo acid I ot ScQ ID NU. 
its amino terminus. 



. u. A aucleic acid according to claim 1 wher^m said 
portion ot th= amino acid s«qu=ac= saowtj m SEQ ID ^fa 
?,3 .^ a continuous portion having amino ^ °| f ^ S 
NO- 33 as its amino lermiaal residue, and having as its . 
c^boS "rminai residue an amino acid hecweea cesiaues ■ 
U<i and P6 of SEQ ID NO: 33. ■ 
' ui':c.c.con.vr^m ^aucleic acid accordmg to claim 
1 v^herein said vector lacks a aucleoiiae sequence that 
icoSes Se oortion oE the amino acid sequence shown in 
SEqTd N'0-.33 that has cysteine motifs oi a Balbiam ring 3 

'"'u'"-. host cell.transformed or transEccted with a vector 

"utL'LtS" p'iduciug a Polypeptidethat binds to the 
extraceUular domain of.human Flt4, comprising the steps-of. 
Irowins. a host cell according, to claim 1^ -o^^i- 
tions which permit expression by said host c-U of a 
POl^^ntide that is encoded by- said nucleic acid and 
■that binds to- the extracellular domam of human FLt4. 

JlSng said polypeptide from the host ceU or the growth 
medium QC the host csU. • ^^n 

»5 ■ 13 Tmetbod according to claim 14 whetem said aost cell 
is mCmmalian host cell that secretes said polypeptide and 
^her^in sTid isolating step comprises isolating saia polypep- 

"l6'To^?u:nadrotrd nucleic acid comp™ a 
E 'a^ aS ^cid sequence ccmpr^^ing a contmuo^ 

'^^1''^.°^,':"'?":^ ilated nucleic acid according to claim 
le'wb'^rei^'Vaid'encoded polypeptide stimulates tyiu..d. 

^1^1°^Sd a^driated"n:clei= acid 

ecueacrshowu m SEQ ID NO: 33 that precedes residue U 
i9 \n e.xpression construct comprising the nucleic acid 
accord^- t^claim IS operatively linked to an e..pression 
ontrol s:ouence, said expression constnict lac'^g a nucle- 
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64 



15 



IS 



30 



■ o ^^f- rirboxv-iertninal portioQ oc 
o.^dese.u.ac. .h. .ncod^^^^^^^ KO:33 beyond 

the ammo icid seqas-c- au 

residue: 125. , j innsfec'.sd virith the axorss- 

10. A host csU iraaswrmca or uaiis.e-=a 

5toQ ccQSoruct oc „olyp=otid= that biads to th= 

21. A cnethod tor pro« a P° ^ . ^^^^^ .y^osiBC 

e.^nc=aular '^^^^'"^J^^^ the steps of. 

phospaor/lanon at to claim. 20 onder ccam- 

growvQS a host c=ti =.'° said host csU ot a 

^ttoas which permit .xpres^^a m ^ . 

pol:/?eptide ''^^°'^^'^^^V^^,Z 'cz\io: the growth 
Jutu,g -td pol^^epttde ^m the^aos^t =.^^ . 

^°S£L°'£d^o.yauc.ot.d= inaud« .^^^^^^^^^ 

• =rQ'?o'^^o'%2:\arti1o?^-.,hyb^^^ 

cacdiuoQs: .-.op c r^Q hours ia a soluuon 

temperature aad cwic. tor tauxy 
with a wash solutioa coQtaioiQg l^^i^. 

SOS; and . , „nlvrcodde eacoded by 

■ v^hereki said host cell express^:, a polypepuae 

hua>aa tiucleot.de sequence ^^^' ^.^'^^^^ /^Jl,, 
cystetne residues '^^^V" toTTv^GF) S^aa platelet 
endotheUal Sr^^/^^^ °^dG^^5 Jad huaian platelet 
derived growth '^J^pnr F b\ 

■ dcrwed ^owth factor B (^^^^^^ 

^^;:::;i^tt;e"^o:S'raXlhtaa. r.. 3 proteto 
(BR3P). aad „iraceUular- 

by said polyaucleoiide. wherein said 

'24. A host ==11 according 10 " y ^^^^essiOQ 

aucleot.de comprising a 'o^^l^f.-Q. 23, wherein 

ttie ammo acid sequence ^""^^^^^^J.^^f ^^coded by said 

hnst cell =.-«presses a S-^'.^ ",.,.„ 
-;w.nu=le=tide^ s.d polyp=pt.=^..™ 

^era::UuUr domain of huaian Bt4 receptor tyrosine ^nase 

^^'*^^^'n .aid conucmous pomoa includes eight cysteine 
wnerem ^^"^ ^^.^^ human vasc-dlar endot- 

residues '^^^ ^pJ-^^^Qp ° ,uman platelet denved. 
. helial growth f^-^^jj^^^^^ld ,umaa olatelet derived 

"rowch factor B (PDGF-B), crro m 



on 3EQ ID- NO: 32 that has one or more cysteine moiits 
ot -a Balbiani nng^3^^^^^^^^ S^Sl^ir' weight of about 

caaditioas and binds to Fit4£C ■ , .,;h 

"^f ifr°o"Sicf, «i « 22 oris 0,., 

deposited as ATCC 1="^'°° Jiy^eotide encoded by said 
c-U expresses ana secretes a poiypc""" 

■^rere.saidsecr.edpolyp^p^^^^ 
, -dSaranTbfnds to-human Fl. .cegr 

tyrosuie'ldn^. j^t^e^d". h^^^^o ^ 
c:.stein= residues "^^\."r ^^^.n olateiet 

!°'"^=^'tX^?or A "d<^?aX ^^^^ human platelet , 
SXfdfrrthSrBCPDGP.B) , 

30' A host'ceU —t^s^Sc-^^^^^^^ ■ 

Pit4. rec-Qtor L'vrQsine kinase, . . 

"therei^ P— ^ "^^.^^^^^^ ' 
a human ^-'^ ^^'^^^^/.^d n' su^ '° " 

■SEq' iS NO 32 under" he following hybndization 

condiuons: ^ ■ ^ solution ' 

sperm DMA, aao ^.^^^^^ ^^^^ 

(b) wasmng the ^^'"J^^^^ ° ^urty minutes at 65' C. 
I ■ tcmoeraiure and fwic- tor toiti/ 

with a wash solution containing 1=<SSC. and O.L.. 

wher^ifs^idtost =eU expresses, and secretes a polypep- 

ade encoded by said polynucleoude and 
.berem said expressed and 

extraceUular domam oc human *=:P^° ^ 

extracellular domaia oc humati FU- rcc-pior y 
compr^mg Che of clauns 21-27. ■ 

^9 or 30 uQder ccQduiQQS '^tLica ?c.u-k -.^f 



35 



45 



5Q 
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SEQ ID NO:33. 



66 



34 Amecfaod ic=ocding to ciaim 32 ■vQercin said hosP:=ll 
comprises- -a-PC-S- prosiaQc adcaocarcmoaia <:=U..(.'\.Cu 

"^^-^t method .cccrding to claim 32 wa«r=^B .aid poiy- 
auclsoude comprises the insert oc plasma ?Fl.T4-L. depos- 
ited as .ATCC AccessioQ No- '''-■Jl" 



